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specificadly. fQmgtamsraprResthegdsiiesspbseninive innatinathevinfiuerpe pivropierediections in

processing acquired seismic data without a priori knowledﬂe of subsurface information.

BACKGROUND [0003]A widB{ HEHE CHARRERSALEENRY RGOS is the seismic exploration
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[0601] The present application claims priority under 35 U.S.C. § 119(e) to U.S.
Provisional Patent Application Serial No. 61/585,830, filed January 12, 2012, the entire

contents of which are expressly incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates generally to seismic exploration, and more
specifically to systems and methods for substantially eliminating the influence of multiple

reflections in processing acquired seismic data without a priori knowledge of subsurface

information.
BACKGROUND
[0003] A widely used technique for searching for oil or gas is the seismic exploration

of subsurface geophysical structures. The seismic exploration process consists of generating
seismic waves (i.e., sound waves) directed toward the subsurface area, gathering data on
reflections of the generated seismic waves at interfaces between layers of the subsurface, and
analyzing the data to generate a profile (image) of the geophysical structure, i.e., the layers of
the investigated subsurface. This type of seismic exploration can be used both on the

subsuiface of land areas and for exploring the subsurface of the ocean floor.

10004] It is known by those of ordinary skill in the art of seismic exploration that an
appropriate choice of frequencies to drive a sound producing device can be used to generate
seismic waves whose reflections can, in turn, be used to determine the possible or probable
location of hydrocarbon deposits under, e.g., the ocean floor. The sound producing device in

such marine applications can be referred to as a marine vibrator, and is generally also called a



of subsurface geophysical structures. The seismic exploration process consists of generating seismic
waves (i.e., sound waves) directed toward the subsurface area, gathering data on reflections of the
generated seismic waves at interfaces between layers of the subsurface, and analyzing the data to
generate a profile (image) of the geophysical structure, i.e., the layers of the investigated subsurface.
This type of seismic exploration can be used both on the subsurface of land areas and for exploring
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exploration that an appropriate choice of frequencies to drive a sound producing device can be used to
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marine applications can be referred to as a marine vibrator, and is generally also called a 2 "source,"
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to as "vibrators," "marine vibrators," and/or "seismic vibrators") can be implemented in what are
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receivers, each on its own cables, with a corresponding source, again on its own cable. Systems and
methodsHfsriweibgse pradedsd dpr sloderscihsbeaevicasanbestreahiintion theswlcablaslabrebxample, in
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process @S QWRHDIR Grriho s 218 REAUSIIRARYIGH L L OHRILEGS iShiBIgPWINg plural streamers 6

that may extend over kilometers behind ship 2. Each of the streamers 6 caninclude one or more birds
13 that maintains streamer 6 in a known fixed position relative to other streamers 6, and the birds 13

are capdBf¥st movingSésREPE SLRILHEATICESY BB BifdStidn &I FSAAFHRIEND 5ESHYs 13 can

receive fiomhshifes « GNP DEANE SRIHCSIAIARNSARRAMANE RISO SOWYaH b SBIR BeRinanatper ship for
generating seismic waves. Source arrays 4a,b can be placed either in front of or behind receivers 14,

or both HetahdHRa TH B &P Aeieds 209 05 Bershirds 4 9dRag BHIRLARY BYCSBIHcR Brfays 4a,b

propagatesewmvaloreilectafint ansinenatatethe seafipeniwharsindhagaiiasdvanes eventually
are reflected by one or more reflectin% structures (not shown in FIG. 1) back to the surface (see FIG.2,

discusseti GRS, AHETERLRsE PATELoNG) SR NGRS WA drb GBS Y Yaceivers 14

providedspp Sireasesisrfort RisuRIOEASSFISI IBNEEGINE raforfed o wmssishoatinghoahRrasley ik seafloor area,
and the seafloor area can be referred to as a -cell". [0Q061FIG, 2 illustrates a side view of the data

acquisitiSAPSTRIEH SEHBIFIEYES: SIS BEaRd%h BRPRRd cihE Tl AE BOSIBPS streamers 6,

that is comprised Iof, cablas behian el plufalitY fReRIVAISA4TRN@NMMIB Wisc2RIRBNRISFUICE
streamers, which include sources 4a,b attached to reg)ective cables 12a,b. Ef?%]r source 4%,b is
capable SHFEHEMATAG-R PESPREIT S SBURE Va8 6t AFAAGARELRFARIRET Dues bty i ek 1Be

simplifyingrtha«drawirgsvestuwhiars et teiracingaé all from rf dvnderstanding afdhepwngiples
voived a1t AR TINEE a0 93 L e S0 (VSN gl sprag g Al glgouroe 4 can be
propagate upwardly and are detected by receivers 14 provided on streamers 6. This process
is generally referred to as “shooting™ a particular seafloor area, and the seafloor area can be

referred to as a “cell”.

[0006] FIG. 2 illustrates a side view of the data acquisition system 10 of FIG. 1. Ship
2, located on ocean surface 46, tows one or more streamers 6, that 1s comprised of cables 12,
and a plurality of receivers 14. Shown in FIG. 2 are two source streamers, which include
sources 4a,b attached to respective cables 12a,b. Each source 4a,b is capable of transmitting
a respective sound wave, or transmitted signal 20a,b. For the sake of simplifying the
drawings, but while not detracting at all from an understanding of the principles involved,

only a first transmitted signal 20a will be shown (even though some or all of source 4 can be



3 simultaneously (or not) transmitting similar transmitted signals 20). First transmitted signal 20a
travels through ocean 40 and arrives at first refraction/reflection point 22a. First reflected signal 24a
from first transmitted signal 20a travels upward from ocean floor 42, back to receivers 14. As those of
skill in the art can appreciate, whenever a signal - gptical or acoustical - travels from one medium with
a first index of refraction nj and meets with a different medium, with a second index of refraction /12, a
portion of. the transmitted signal is reéected at an angle al to.the.incident anagle.(according to the
elknori Corias oL R A AR e R T L R R R
according(tot@nelt sHawgh[000M1Ahus] aisishowinstFiGad)dinselterismitteidisignall26a generates first
reflected_signal 24a first refracted signal .26a. First refracted si 26a travetf throvgh sediment
aver 16 e e R R  or 42, an
can nowthelcnsidared ttibela tinewt tranB niitted sigral appckithat whvenitensamatersptiselcond
medium at secand refractign/reflection paint 2 a ond set of refracted and reflected.signals 32a
and 308 B B B e e e
hydrocarifisrdeposididhywittnasthint imddiunf rofrsdfichearth frodiolayé g rewhicttehs gegenerically
referred ng ubsurface layer. 18). Consequently, refracted and reflected signals are
generatégfgé %%Secéﬁf} r%négng% A ¢ e%%é%tfnéﬁ%ﬁlt ignt%?g Ealfrcé)gglél f%cg%%‘gg%d&gﬁ%% %;l/@silgrﬂal ‘to generate
data thatodr becosé gadidiscbtier tsucmityal starbondbpositact! (@008 2dtredignalSnetorded by
seismic hece ivers 14 vary in time, having energy peaks that may correspond to reflectors between
layers. In reality, since the sea floor and the air/water are highly reflective, some of the peaks
correspond to multiple reflections or spurious reflections that should be eliminated before the

geophysl84fdtructure Ehnshaschpwaty hdgedimtifFmsmiiibs s s arpeircidifstiRifefisth an
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waves are known as multiples. Signal 50a shown in FIG. 2 is one such example of a multiple, but as

shown inl®Rs 18 (e sp8 bfneanirasa forehstieplestoise gersriterll o0kt agsdtin FIG. 3,
seismic $Quce4 produces iRt darrmitiet waveR0R- thahshlite iR A PRmaANLIPRERNTed wave 26a

(referred to also as first refracted signal) penetrating inside first subsurface layer 16 (referred to also

as "sedirfiGREGET 2 FRODH MU db secBE Aeldaciionly frdiptopitHé s aserondisttadean floor 42, and
surface related-multinigisigaalpddhabliayals hacklowrrds Qeranstiface #84anforthdntetiace).

Primary transmitted wave 26a is reflected once at second interface 48 between different layers in first
subsurfabiiageh et Sapreay ko padien ferdildnrabardeprpiictfobtdisiy HarGowdsumgse related

multiple gigiaathRIR% 183ENES (PRI 8 Be BUhal & pifRieREIReAleb RENBIGHRGIeL (2l gast) two

more times: a first reflection at surface 46 and a second reflection at sea floor 42. Thus, receiver 14

will receivesemisst ivichirdee sndigritastebnienies Smeheash Rirhcdvetie sseon daaidefdy dignal 30a,
and surface, telatedsawitinle signaict siiace selpted mutinle signakrPcalde rgseiNed Ryfeceiver

14 either before second reflected signal 30a, at the same time, or after, depending on how far first
refractedP¥RRSIPOR HeRASIEY4H first subsurface layer 16, and how deep ocean 40 is at the point of
transmission and reflection/refraction. Thus, receiver 14 can become "confused" as to the true nature
of the sufzmedace envimeghtriuedaddiacecmuiiplesignal(s) wly Asthrieflyadisgussegvabove, other
multiples can also be generated, some of Whigch may _also travel through the subsyrface. A multiple,
therefore A UL AT RRO S TSR HE Bad POFHEY: STFAPS e EAUBle Signa
is also shavwnisrkle hihiRtestatiivgtipia signat ptavhich@ypabenaadepiownvikschseitection from an

underground layer, such as .shown jn FIG. 3, "Multjples”, as is known hy those of ordinary skill in the
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floor. Muliiptesipneiher. serfaaeyretatedsofidtipies bHeordesioal froultiplestotwanebeceamiysed by data
ltiples do not add any useful
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processing of the other reflected signals so as to gcorrectly ascertain the presence (or the absence) of
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[6009] As illustrated in FIG. 3, seismic source 4 produces first transmitted wave 20a
that splits into a primary transmitted wave 26a (referred to also as first refracted signal)

penetrating inside first subsurface layer 16 (referred to also as “sediment layer” though that



[00010]While surface multiples 50 cause some problems with signal processing to detemline the "true"
nature of the underwater subsurface geology, internal multiples 51 have been known to be especially
problematic. Internal multiples 51 typically arise due to a series of subsurface impedance contrasts.
They are commonly observed in seismic data acquired in various places, such as the Santos Basin of
Brazil They are often poorly discriminated from the primaries (i.e., the first, second and third reflected

signals, 88%8ﬂ%t?%&%rs%%?gg%%&ﬁ%tﬁ8&@%\5%?@% %%%&85%4@%%&‘@%%&6%%&48%@6 hanggdth, thereby
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interpretation resu ant suppression of internal’multiples can be observed in these methods.
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do not require a priori subsurface reflector information. For example, a methodology has been
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modelling methodology. One difference is that internal multiples are catalogued differently and the

other sigmificihesdiferenterielnalépiairémaanfor eopfivwdrifndattimaimsiBaneywemelctads of modelling
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theory (see, Levin, S.A., 2008, "Delft Inverse Scattering Surface-Related Multiple’ Attenuation in Three
Lines," 78rateiadamny ISEChaE xedlsded mpaasmsaptosrroiy ssapgasnthensesresndwithhich are

incorpo_r%%gntggj@p&éﬁéﬁ;&mhﬁ@%g&]%&gg&iWgﬁgt requirements in ISS that allows it to

predict internal

00010} While surface multiples 50 cause some problems with signal processing to
determine the “true” nature of the underwater subsurface geology, internal multiples 51 have
been known to be especially problematic. Internal multiples 51 typically arise due to a series
of subsurface impedance contrasts. They are commonly observed in seismic data acquired in
various places, such as the Santos Basin of Brazil. They are often poorly discriminated from
the primaries (i.e., the first, second and third reflected signals, among others), because they

have stmilar movement, dips and frequency bandwidth, thereby making attenuation and/or



multiples without subsurface information is the requirement for a pseudo-depth monotoni city condition
(see, Nita, 13.G. et al., 2007, "Inverse Scattering Internal Multiple Attenuation Algorithm: An Analysis of
the Pseudo-Depth and Time Monotonicity Requirements," 77th Meeting, SEG, Expanded Abstracts, p.
2461-2464, the entire contents of which are incorpgrated herein by reference). The pseudo-depth
monotonicity condition basically means that, for a particular internal multiple event, the point scatterer

that couseERNPHAELIPIRHIONISTLALIGRL geplliCn peasdagiepiiliban ot ol he o
scatterers that cause the upward reflections, 1.e., satistying a "lower-higher-lower" relatiéhship.

[00013] Thietipietremirknsitdtioteinsth I8 S tapproachus fipsbods ke pieenchotdnisidyttimdidrits ability to be
widely used. I it wo i i t 0 t for effectively
mnd e e e R A R MRt ceoiony,
in order fepmakehitse sigibratoldfEndtaditnek predeindéetarinot) b ult-slirfet h\Rieosarlads. SUMMARY
[00014]Vari diments.deser i tantial Vi of the problems
and/or J@ﬁ;ﬁ%@% |séué§§a %Eg%%%%’[}ﬁ%%ﬁrbs\%g%ag{f%?a%%%% 8?%%%5 %?Qﬁé?ég\%%ﬁgg es described
below. [G0GEB]K ¢ turbfore iagepenztdspact bfthdeeenbo iflenite wacprovitlehigystemmraiatiamethod for

predicting int L multiples, WERgsIt-Rayi identi ' { Il ohvigte.or minimize
problemsIg g@l{i@%}é@, &'e%ﬁgluéryﬁggséﬁgg%. O%%&%%%gﬁé?%?aﬂﬁggggﬁﬁlﬁ%n%%diments, a
method & prddigtdgob St Stapaialpd dlivairrating o HffLésdlof intexnednhmitiplé wfldctons in
determinj in a.geographi in i priari ledge of
subsurfzrall({:%q?:ﬁ‘%’)Er!ﬁ]éaﬁt|or%g,23 ?ﬁg Sr%%?%%g %&%@sﬁ?(%%g%ﬁ@géﬁnéﬁ ﬁéﬁée{éncﬁgs%%s%&l%%%ﬂﬁ%\?{s by a plurality
of so_urcéirgnsnﬂtté’rsﬂ,t(ﬁ),r&bﬁviﬁ@r@mdaﬁahﬁa@m@i@ﬁb@a@&e@f@Ba’seuabMllldé];denerated series
of setsmic Aty Cherpaing.p set efwindous Ratconsspanda piusicalilo A shacsbelow the
plurality of receivers and includes a geographical area of interest, (d aSS|gn|n8 received raw data to
respectivetonesmtitecderiolvind avwsipassdddrereodiyeditiraecor theguiaw gaterito trematate M window
data fra%&t‘@ﬁ}%ﬁmlﬁfﬁ@t W@ﬁ%ﬁ%ﬂgg%gﬁ%vaﬂable, perhaps via well logs or

interpretation results, significant suppression of internal multiples can be observed in these

methods. Nevertheless, in many situations, it is often not easy to identify the multiple

generators and this makes the problem challenging.

{60011] Other methods for handling multiples have also been developed that do not
require @ priori subsurface reflector information. For example, a methodology has been
developed using inverse scattering series (ISS) (Otnes, E. et al., 2004, in “Attenuation of
Internal Multiples for Multicomponent and Towed Streamer Data,” 74th Meeting, SEG,
Extended Abstracts, p. 1297-1300, the entire contents of which is incorporated herein by
reference), has been applied on marine and land data for internal multiple attenuation. The
ISS method is a ddta-dﬁven approach that can predict all internal multiples of a given order
without any subsurface information. As those of skill in the art can appreciate, order of
multiples refers to the number of downward bounces a wavefield experiences prior to being
captured by a receiver. In comparison, Delft’s feedback model or Jakubowicz® method
removes all orders of internal multiples for a given interface (see, Verschuur, D.J. et al.,
1999, “A Comparison of the Feedback and Inverse Scattering Internal Multiple Attenuation
Methods,” 61st Meeting, EAGE, Extended Abstracts, p. 1-14, the entire contents of which
are incorporated herein by reference). There are significant differences between the two
classes of modelling methodology. One difference is that internal multiples are catalogued

differently and the other significant difference is the requirement for a priori information in



frame incorporates raw data that corresponds to an uppermost wavefield closest to the plurality of
receivers, and an Mth window data frame incorporates raw data that corresponds to a lowermost
wavefield farthest from the plurality of receivers, (e) iteratively generating an internal multiple model,
using a sliding set of three window data frames, wherein for each iteration, wherein the internal
multiple model includes a first product of a convolution of data from a first window data frame and a

second window date frame, .a correlati n dat a i%g indo t ith,the first
oot b AT B B HANARCL AB MBI e WA e A AmEE D e

internal intdtfple m@@iﬁnﬁtﬂ@ﬁnm@m ﬁlnmmana{mm Talteoh thdywlitnplew dtanftameb hav<=T been
used, ar\%}%?“%%tﬂ% 1‘1?“?@!%%4@&%{%?&9'%%%&88 f‘nlﬁl;?rra%tté‘%f 3‘?96}‘%‘3 fubstaptially
phy of t

eliminaté the influénce of interhal multiples if determining the geogra hegebgraphical area of
interest. chogandinQwhithefir sterspectjchbarattino ¢detheredotiprisesprobesbing tsecraw data to

suppress suilaee.elated muliples prisio osneratnadhs nisioal mulipls model Bl B fyrther
according to the first aspect, the step of protessing to suppress surface related’multiples comprises
using a MethGaas, Strht dnrateiedaattdtiple eifairtalelutl dpprplesAtiensutfacenmibitiol snes,”

l0oon Tasepsinme (edistashedt e siep of sefermnionng gl liuidautads hased on avel
time of the series of seisniic signals from the plurality of séurces to the pﬁuraﬁty of recelvers, and
further whesginre@drhofeihéd Wrevimdow)time frames is substantially similar in duration, and the step of
generating an internal multiple model using window data from a first set of three window data frames

includespggierming thefoleyo gL BAHBHP Requid@LRIDin ISS that allows it to predict internal
multiples without subsurface information is the requirement for a pseudo-depth monotonicity
condition (see, Nita, B.G. et al., 2007, “Inverse Scattering Internal Multiple Attenuation
Algorithm: An Analysis of the Pseudo-Depth and Time Monotonicity Requirements,” 77th
Meeting, SEG, Expanded Abstracts, p. 2461-2464, the entire contents of which are
incorporated herein by reference). The pseudo-depth monotonicity condition basically means
that, for a particular internal multiple event, the point scatterer that causes the downward
reflection is at a higher depth (in pseudo-depth) than that of the point scatterers that cause the

upward reflections, i.e., satisfying a “lower-higher-lower” relationship.

[60913] The inherent limitation in the ISS approach of pseudo~depth monotonicity
limits its ability to be widely used. Accordingly, it would be desirable to provide methods,
modes and systems for effectively and efficiently eliminating the influence of internal
multiples when determining sub-ocean floor geology, in order to make it easier to determine

the presence (or not) of sub-surface hydrocarbons.



in each iteratively defined set of three window data frames, a higher wavefield generated by data in the
uppermost window data frame is defined as Ply", a first lower wavefield generated by data in the
second window data frame is defined as P},k, and a second lower wavefield generated by data in the
third window data frame is defined as P,1, and further wherein, P1,) is a source side wavefield that
represents an downward reflection of an internal multiple reflected from the first window, Pwk is a
source side wavefield that represents an upward reflection of an internal multiple reflected from the
second window, and 13,1 is an receiver side wavefield that represents a upward reflection of an
internal multiple reflected from the third window. [00018]According to the first aspect, each of the M
windows has as length and depth component, and wherein the length component is less than or equal
to a dist@hMMehBaen a first source and a last source, and further wherein the depth component
correlates to a first number of samples that correlates to a first depth in distance, and further wherein

adjacenygggggws oveyianoby arsierRREnyYaRersicamRlesieshthaniheiliesinweharassamples,

which corresponds to an overlap in depth defined as a second depth, and still further wherein the

second dEPthasssR ehithassrsr dispth 2ate stflifGriver WIISIATOPHY ift AL AN DSIORTBP ]I the

depth of ghgwwiadawainereasembe®HORKLO]According to the first aspect, each of the plurality of sets of -
windows satisfies a pseudo-depth monotonicity condition of lower-higher-lower windows, wherein Pwf

is a higher window, and.Pwk and Pio are hoth lower windgws. [00020]Accarding to a second aspect of
the omblIHaHe. a o T e R REGh R R TR R &SSO E itout requaring
a priori knetitetfye pldidiaghswiadas ubipioyidaty theaviathod dariprisiabifd) ghitaining geismic data in
and about a geagraphical. area of interest (GAl), (b) suppressin rface related multiples in regard to
tho AL T SRS A R ST B BB G B RS inciows based o a tavel o of

wavefields generated by one or more wavefield sources, and receive by one or more wavefield
receiver$)48] @lerformifigecardors/vlutiontiostweer! the sepodarenhiaindosthadts thavwle! losponsible for

upward Eﬁ%@&%@ﬁfElﬁé?ﬂﬁ@%%%ﬁ%ﬁ%@gﬂ%@}ﬁa?m%l@‘%gfije%{%n(se?npcfg{&%{lﬁlggﬁ%ﬁe%ﬁr%k%“0”

between the separated win ata that are responsible for downward reflections
correspagsdiggrihtemalgengtiplesal @ugeter miging tithorddupt of theededsgarddustatand the convoluted

datato ¢ 1| [i ting.ste = (f).f ity _of sets of the
Doty B A B e Tt ble el o e GA
[00021]Actore ingsnitiersdbomeraispee ratdatey aippedomifgetseveorhasiedion g oonmakation
compris firH [ fARr I rmi {an.and correlation
on datla %%rr%g#l};%aisr?ltwg Esgﬁe{i'aﬁ oég t(hg?e&e%\?v\ejn o%v%t?gj{ etﬁ%@%@%ﬁm@%ﬁ%ﬁﬁ&%@%&tﬁgratively |
defining sregedwle withsrplmaiiid olseortves cotthe luderirtagavindow asmdtaneasstafd performing the

convolutign andapuslalion oudtie dala i eaeh of the nevrlaralierdelingd selobige window

data frames; to determine a new internal multiple model, which is iteratively added to a previous
multiple pidkielawy deterinigenarsigddianitidiy dotapietecinteheatin alfipte upipdalosindindeeralstdfor each of

the iteratygly ﬂﬁ%ﬁ’ﬁ&&@&%ﬁ%&%&%ﬁ%@&%?&%91{2'8&%8@%&%%@&%@% {3 gusfied when a

lowerhigher-lower relationship occur§hwithin in each of the iteratively defined sets of three window data
frames. plurality of receivers, and an M~ window data frame incorporates raw data that corresponds

to a lowermost wavefield farthest from the plurality of receivers, (e) iteratively generating an
internal multiple model, using a sliding set of three window data frames, wherein for each
iteration, wherein the internal multiple model includes a first product of a convolution of data
from a first window data frame and a second window date frame, and a correlation of data
from a third window data frame with the first product, (f) summing all of the iteratively
generated internal multiple models to create a complete internal multiple model, and
continuing the summing until all of the window data frames have been used, and (g)
subtracting the complete internal multiple model from the raw data to substantially eliminate
the influence of internal multiples in determining the geography of the geographical area of
interest. According to the first aspect, the method further comprises processing the raw data

to suppress surface related multiples prior to generating the internal multiple model. Still



[00022]According to the second aspect, the method further comprises subtracting the substantially
complete internal multiple model from the obtained seismic data to substantially eliminate an influence
of internal multiples in determining the geography of a GAIl, and still further comprises eliminating
surface multiples from the seismic data prior to determining an 10 internal multiple model.
1000231According to the second aspect, the step of performing the convolution and correlation on the

iterativelédgtfined sefs of w'gdiow data fia es inclydeSé)erformin the followinggelgly tion. wherein in
each of ggrﬁ?ﬁ?éféﬁb%‘f?nt § s%%%%??ﬁ e ?/\ﬁhego?/vpcfg{; Sf?glr%%,s F?F&ﬁse%‘%wg\‘? fi (?%generated by data
in an upperipks windawdata fppnmeddcetined-Bsd ikt adfiratitpiecivaivafieldigenpratediby data in a
second window data frame is defined as P,,k, and a second lower wavefield generated by data in a
third win%ﬁ%?a‘t%u%g’ & is defined as P'o, and further wherein, Pwi is a source side wavefield that

represents an downward reflection of an internal multiple reflected from the first window, Pick is a
source siieédavefield Aratrémetetits stuspatdthefitepiondstenminteptakbrriltipd refhelotesl ifrom the

second window, and h?’né IS A LSERINETSIdE WA ée%%? "RRIGREINS, A R rRflggtion of an

internal musltl%?é ?é%eec'te %rom t{wegﬁﬁ{?dg W%I’]SOW. f % fﬁ%:cor(i%g toya t%%% asf)ect of the

embodinpénajta gﬁmg@ym, subdistitrlbyherein each of the M window time frames is substantially
stmilar in duration, and the step of generating an internal multiple model using window data

from a first set of three window data frames includes performing the following equation:

wherein

in cach iteratively defined set of three window data frames, a higher wavefield generated by
data in the uppermost window data frame is defined as Pw; a first lower wavefield generated
by data in the second window data frame is defined as P, and a second lower wavefield
generated by data in the third window data frame is defined as P,;, and further wherein, P, is
a source side wavefield that represents an downward reflection of an internal multiple
reflected from the first window, P, is a source side wavetield that represents an upward
reflection of an internal multiple reflected from the second window, and £, is an receiver
side wavefield that represents a upward reflection of an internal multiple reflected from the

third window.

[66018] According to the first aspect, each of the M windows has as length and depth
component, and wherein the length component is less than or equal to a distance between a
first source and a last source, and further wherein the depth component correlates to a first
number of samples that correlates to a first depth in distance, and further wherein adjacent
windows overlap by a second number of samples less than the first number of samples, which
corresponds to an overlap in depth defined as a second depth, and still further wherein the
second depth 1s less than the first depth, and still further wherein for an increasing value of M

the depth of the window increases.



eliminating an influence of internal multiple reflections in determining undersea geography in a
geographical area of interest without a priori knowledge of subsurface information is provided, the
system comprising (a) a plurality of source transmittcrs configured to generate a series of seismic
signals, (b) a plurality of receivers configured to regeive raw data based on the generated series of
seismic signals, and (c) a processor configured to Create a set of M windows that corresponds

physical pace below the pluyrality of receivers and includes a geographical area af interest,
ovion 1R e R R T i et PRI S o PAEAERAREDY the raw
data, to geRrendtedvhikindewtckatatiracnds; wheft&iverfiighepheiraostwinaeywilaieiir@nye ncorporates
raw data, that corr onda ang ermqbst vefield c&osest to the plurality of receivers, and an Ma'
window é%%eﬁ&ﬂ%‘ i <:‘51r1‘1poréf{‘ea§,1 %%’fc%?a ﬂ%\/ %%?Fevgbnor(\)&ésto a lowermost wavefield farthest from the

plurality of receivers, 11 iteratively generate an internal multiple model, using a sliding set of three
window (t82Wames, Wilveredinfoioemstritedationsiwii dre tnthediments | amttipdd Mmodetkintivides a first

product ?ﬁ{%ﬁ%’g{‘&lﬂ L ff Stl.h f gg&gﬁ@g&%ﬁ’ Qﬂﬁ%ﬁ%@%ﬂ% gﬂ%ﬁﬁ%%ﬂ ,%Vgi%g%qﬁ ﬁ%le frame, and

a correlation of data from a window data frame wit product, sum a e iteratively
generategifaenaiproltisié thodeithtol creapei sigdtaphdteiinterneismidiiple medélzlzovd zontinuing the

summin I adl- of the: wi fole) internal
multiple%égg%ﬁ#é%lt eﬁ%%ﬁ%ﬁ?&%@?@%%%ﬁ%ﬁg aégr?[ g m%%iﬁ%%aghﬁge}%a u Eglgsg in
determirfingttie) gepyrtipbylefahuiged geaphic dhtr ot liwrdisy. $60026)Asdm=idgta thavehird aspect,
the proc i anfi C ¢ p / t tiples prior
1 gener g e L e (o
suppressvstiefadd refateetmidiipte®using asoethbiion Sutfac ibkasepkmmtddprécdimidattidhat

100026)Ageqrding e ikt Aspest e Prassararip st conlawedlaeiaumins e st of M

windows based on trave the series of seismic signals from the plurality of sources to the
plurality pérereivers candlinehdewrrerciheesphrafethy Iwlwindeiw iriedfeansesrisisigtfstantially similar in

duration 4{Q00Z ZIAcGALAing 1B he @H%?ﬁ%%?f;%thﬁe?ﬁ%ﬁﬁﬁﬁ i%sf%ﬁ*}f‘ert&%ﬂﬁ%g‘?ﬁe SENgIFte an
internal multiple model using window data froni a first set of three' window data frames that includes
perfoimilegtbrrfoitsaingeephtierronvoluted data to create an internal multiple model, and (g)

repeating steps (d) - (f) for a plurality of sets of the plurality of windows thereby determining

a substantially complete internal multiple model for the GAL

[00021] According to the second aspect, the step of performing the convolution and
correlation comprises defining a first set of three window data frames, performing the
convolution and correlation on data contained in the set of three windows to determine an
internal multiple model, iteratively defining new sets of three windows with all of the
remaining window data frames, and performing the convolution and correlation on the data
from each of the new iteratively defined set of three window data frames, to determine a new
internal multiple model, which is iteratively added to a previous multiple model to determine
a substantially complete internal multiple model, and wherein for each of the iteratively
defined sets of three windows, a pseudo-monotonicity requirement is satisfied when a lower-
higher-lower relationship occurs within in each of the iteratively defined sets of three window

data frames.

[00022] According to the second aspect, the method farther comprises subtracting the
substantially complete internal multiple model from the obtained seismic data to substantially
eliminate an influence of internal multiples in determining the geography of a GAL and still

further comprises eliminating surface multiples from the seismic data prior to determining an



wherein in each iteratively defined set of three window data frames, a higher wavefield generated by
data in the uppermost window data frame is defined as Pwi, a first lower wavefield generated by data
in the second window data frame is defined as P,,k, and a second lower wavefield generated by data
in the third window data frame is defined as P,,/, a#ij further wherein, P is 12 a source side wavefield
that represents an downward reflection of an internal multiple reflected from the first window, P wk is a
source side wavefi tld that aePresents an upward reflection of an internal multiple reflected from the
second 66%%%%%%&35%8 Afi receiver side wavefield that represents a upward reflection of an internal
multiple reflected from the third window. [00028]According to the third aspect, each of the M windows
has as 1dfg#33nd deptivcodippnefte apebwhavpinttiteclsiagthl coniponsgttls: lessvtiancaraagual to a

cistance SEMEEA L EEAPA 4IRS squies, AR IINERUIEIS(0R denth sompapent conelates

to a first number of samp at correlates to a first In distance, an er witerein adjacent
windowsfeNesrizg lsgwisertond number of samples less than the first number of samples, which
corresponds to an overlap in depth defined as a second depth, and still further wherein the second
depth is less than the first depth, and still further wherein for an increasing value of M the depth of the
window increases. [00029]According to the third aspect, each of the plurality of sets of windows

satisfies wn F W Wy

wherein

in each of the iteratively defined sets of three window data frames, a highest wavefield
generated by data in an uppermost window data frame is defined as Pw; a first lower
wavefield generated by data in a second window data frame is defined as P4, and a second
lower wavefield generated by data in a third window data frame is defined as P.,;, and further
wherein, P, s a source side wavefield that represents an downward reflection of an internal
multiple reflected from the first window, P, is a source side wavefield-that represents an
upward reflection of an internal multiple reflected from the second window, and P, is an
receiver side wavefield that represents a upward reflection of an internal multiple reflected

from the third window,

[00024] According to a third aspect of the embodiments, a system for substantially
eliminating an influence of internal multiple reflections in determining undersea geography in
a geographical area of interest without a priori knowledge of subsurface information is

. provided, the system comprising (a) a plurality of source transmitters configured to generate a
series of seismic signals, (b) a plurality of receivers configured to receive raw data based on
the generated series of seismic signals, and (c) a processor configured to create a set of M
windows that corresponds physically to a space below the plurality of receivers and includes
a geographical area of interest, assign received raw data to respective ones of the set of
windows based on received time of the raw data, to generate M window data frames, wherein
a first uppermost window data frame incorporates raw data that corresponds to an uppermost
wavefield closest to the plurality of receivers, and an M™ window data frame incorporates

raw data that corresponds to a lowermost wavefield farthest from the plurality of receivers,



a pseudo-depth monotonicity condition of lower-higher-lower windows, wherein Pwl is a higher
window, and Pwk and P",, are both lower windows. [00030]According to a fourth aspect of the
embodiments, a system for deteliining internal multiples in marine seismic data without requiring a
priori knowledge about subsurfaces is provided, ﬂﬁ: system comprising a processor configured to
obtain seismic data in and about a geographical area of interest (GAI), wherein the processor is further
configured t ‘% suppress surface related multiples in regard.to the GAJ, (b) separate the obtained
seismic Hglf%%i %’ & p‘%%%t)a}n oﬂ%rﬁl(?{owg 1815% %Bne% 1tlrsé’[\ll%?tlsriﬁdden})% Wéee@#j(ﬂaﬁs‘algﬁg‘r“é eaéaby one or more
wavefielgsauscedcarid feceivk irane orheosm thavielielthr eodivsisre) g entoudea camtolution between
the separated window data that are re onsi%\? for upward reflections of internal . multi to generate
comvon ARSI i HEAOTHOR Cof RIS e e G 3 AR A T eponeibie for
downwaftch#ief|eekionscefdadcootakpo fiding ittedwad ndott ples, frehdetétminefthepradoctsahthe
correlateild tt%eargd tgle cfonvolut?c(lid ta t creﬁtelan in ﬁmtal mualgieple mo el!, and re eatlfalrts (c)-(e)
for a pluf31 i?y 0 sle?léa&?/ﬁ%%%?gl?y OFWindows therd 0y ¢ 5tt=?rrpi*r||f’n|nga §OsllﬁB§taer%ﬂ§if§/l%5?ﬁlp &S internal
multiple medte] fnd e GAind G ¢hersonivghutidneind tdervelafion by détiniagladitdtcsatatded window
data frames, perform the convolution and.correlatipn on,data contained in the set of three windows to
detorrm R Sy P BT ATAD T e st St thoa e AT e hine
remaininig fiviageve fiatadialnedtiahd peitosm thie g dnygtuicaphnd fober glatipapbictherdata from each of
the new jt?rati\{ely defined set of three window data frames, to determine a new internal multiple
model, whiehis iteratively added to a previous multiple model to determine a substantially complete
internal multiple model, and wherein for each of the iteratively defined sets of three windows, a
pseudo-t8ATHnicity régeirdinein hstistiethorcthaposesityduitwereafagivadhiproeeess within in
each of g igalive dalhiRdeleal U%E%d’%ﬁﬁp’l&?ﬁéﬁﬂ*g&&%&’@&%ﬁ&%@lﬂﬂ&%ﬁ%@ fourth
aspect, the processor Is further configured to subtract the substantially complete internal multiple
model fromdile idtfimberoslsmein daprecssiostartiathestinihatecd osfippisse sof facenslitadultiples in
dete_rmlmtig%gggg%aaog%t%g &@&rﬁ@g Jélﬁt&ic}_ﬁﬁﬁﬁﬁé @ﬂmﬁ&«%ﬁgnﬂgured to eliminate surfa<_:e
multiples from the seiSmic data prior to determining an internal multiple model. [000331According to

the fourth asgect, the processor is further configured to perfoiin .
[00026] According to the third aspect the processor is further configured to determine

the set of M windows based on travel time of the series of seismic signals from the plurality
of sources to the plurality of receivers, and further wherein each of the M window time

frames is substantially similar in duration.

{00027] According to the third aspect, the processor is further configured to generate
an internal multiple model using window data from a first set of three window data frames

that includes performing the following equation:
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wherein

in each iteratively defined set of three window data frames, a higher wavefield generated by
data in the uppermost window data frame is defined as Pw;, a first lower wavefield generated
by data in the second window data frame is defined as Py, and a second lower wavefield

generated by data in the third window data frame is defined as P,,;, and further wherein, P, is



the convolution and correlation on the iteratively defined sets of window data frames by performing the
following equation: wherein in each of the iteratively defined sets of three window data frames, a
highest wavefield generated by data in an uppermost window data frame is defined as Pwi, a first
lower wavefield generated by data in a second wingow data frame is defined as 121, and a second
lower wavefield generated by data in a third window data frame is defined as 13i, and further wherein,

P"); is a source side wavefield that represents an downward reflection of an internal ,14 multiple
reﬂecte&ﬁg‘ﬂﬁcﬁﬁgrﬁ&%ﬁ?&mhéfvﬁﬁ?-sssné%a?c%%iawfiv@fﬁ%‘famﬁo EEES A Rlfvard reflection of
an internaflsatifiedefiectes komddhe Becenckwindadeangves: ésdcan feepiveiidsmwavetield that
represents. a upwayd reflection of an internal multiple reflected from the third window. 15 BRIEF
DESCRIBHINTER FHE ERATNELS TS0 S THove THLHILor G redB AEEIR invenive
concept ikt hecemed that represents a upward reflection of an internal multiple reflected from the

third window.

[60028] According to the third aspect, each of the M windows has as length and depth
component, and wherein the length component is less than or equal to a distance between a
first source and a last source, and further wherein the depth component correlates to a first
number of samples that correlates to a first depth in distance, and further wherein adjacent
windows overlap by a second number of samples less than the first number of samples, which
corresponds to an overlap in depth defined as a seéond depth, and still further wherein the
second depth is less than the first depth, and still further wherein for an increasing value of M

the depth of the window increases.

[06029] According to the third aspect, each of the plurality of sets of windows satisfies
a pseudo-depth monotonicity condition of lower-higher-lower windows, wherein Pwj is a

higher window, and Py and P, are both lower windows.

[06030] According to a fourth aspect of the embodiments, a system for determining
internal multiples in marine seismic data without requiring a priori knowledge about sub-
surfaces is provided, the system comprising a processor configured to obtain seismic data in
and about a geographical area of interest (GAI), wherein the processor is further configured
to {a) suppress surface related multiples in regard to the GAI, (b) separate the obtained
seismic data into a plurality of windows based on a travel time of wavefields generated by
one or more wavefield sources, and receive by one or more wavefield receivers, (¢) perform a
convolution between the separated window data that are responsible for upward reflections of
internal multiples to generate convolution data, (d) perform a correlation between the
separated window data that are responsible for downward reflections of the corresponding
internal multiples, (¢) determine the product of the correlated data and the convoluted data to
create an internal multiple model, and repeat parts (c) - (¢) for a plurality of sets of the
plurality of windows thereby determining a substantially complete internal multiple model

for the GAL

[06631] According to the fourth aspect, the processor is further configured to perform



apparent and more readily appreciated from the following description of the embodiments with
reference to the following figures, wherein like reference numerals refer to like parts throughout the
various figures unless otherwise specified, and wherein: [00035]FIG. 1 illustrates a data acquisition
system for use in a seismic gathering process; [O%%BG]FIGS. 2 and 3 illustrate side views of the data
acquisition system of FIG. 1; [00037]FIG, 4A illustrates a data plot of a known process for predicting .

the existence of internal multiples.reflecting downward from a first harizon; 1000381FIG. 4B illustrates
 Gatn oIBT 67 IVGIHBE 3P L FSATETTA D A PATED ebet CaarS R ATa i SEE e AR any
multiple-gereratbhgibarndnsackoising iharcexamplbry thnhodiftiert 103G |ERrbAnand 5B

from e OHT A HLBL0 ) el A6 el HRD AR, WA SSPTh T el mutties are
evident; {G00MRIE KeinBowil st fites & firsd prottehofialinteshat saultiplesefdhien Topiheidieldrom
each of the new iteratively defined set of three window data frames, to determine a new
internal multiple model, which is iteratively added to a previous multiple model to determine
a substantially complete internal multiple model, and wherein for each of the iteratively
defined sets of three windows, a pseudo-monotonicity requirement is satisfied when a lower-
higher-lower relationship occurs within in each of the iteratively defined sets of three window

data frames.

[00032] According to the fourth aspect, the processor is further configured to subtract
the substantially complete internal multiple model from the obtained seismic data to
substantially eliminate an influence of internal multiples in determining the geography of a
GAl, and the processor is further configured to eliminate surface multiples from the seismic

data prior to determining an internal multiple model.

1060033} According to the fourth aspect, the processor is further configured to perform
the convolution and correlation on the iteratively defined sets of window data frames by

performing the following equation:
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wherein

in each of the iteratively defined sets of three window data frames, a highest wavefield
generated by data in an uppermost window data frame is defined as Pw; a first lower
wavefield generated by data in a second window data frame is defined as P, and a second
lower wavefield generated by data in a third window data frame is defined as P,;, and further

wherein, P, is a source side wavefield that represents an downward reflection of an internal



predicted using the sliding-window method according to an exemplary embodiment without any
subsurface information (i.e., with no a priori subsurface information); 1000411FIG. 6B illustrates a
second model of all internal multiples of the Tupi oil fields predicted using an inverse scattering series
method; [00042]FIG. 7A illustrates the data of FIG. 6A to which adaptive subtraction has been applied
to suppress internal multiples according to an exe}ﬁplary embodiment; 16 [00044]FIG. 8A illustrates a
magnified section of FIG. 4A; [00Q45]FIG, 8B illustrates the magnifieq section of FIG. 4A as in FIG. 8A

following PR &G h B ST U R br dinid 16 SHrEssaiiin 3R shibd dhridresoptadiFic. sC
illustrategherdifigrancs betwesrntGRulHandiBBiigrotherdakafiavindow, and P, is an

receiver side wavefield that represents a upward reflection of an internal multiple reflected

from the third window.



FIG. 8B being subtracted from the data from FIG. 8A); 1000471FIG. 9A illustrates the same data from
FIG. 8A following processing using the inverse scattering series method; 1000481FIG. 9B illustrates
the difference between FIGS. 9A and 8A; [00049]FIG 10 illustrates a flow diagram of a method for
substantially eliminating the influence of multiple reflections in determining undersea geography
without the a priori knowledge of subsurface inforrtation according to an exemplary embodiment;
[00050]FIG 11 illustrates a block diagram of a system that can implement the method shown and
described in reference to FIG. 10 according to an exemplary embodiment; and [00051]FIG. 12

iIIustrateéﬂfzﬁ@f %ﬂﬁ%‘&?@ﬁﬁ@ﬁm@&d 100 described in regard to FIG. 10 according to

an exenmprary ermmooanTeETIt

[00034] The above features of the present general inventive concept will become
apparent and more readily appreciated from the following description of the embodiments
with reference to the following figures, wherein like reference numerals refer to like parts

throughout the various figures unless otherwise specified, and wherein:

[00035] FIG. 1 illustrates a data acquisition system for use in a seismic gathering
process;

[00036] FIGS. 2 and 3 illustrate side views of the data acquisition system of FIG. 1;
[00037] FIG. 4A illustrates a data plot of a known process for predicting the existence

of internal multiples reflecting downward from a first horizon;

[0G038] FIG. 4B illustrates a data plot of method for predicting the existence of all
internal multiples without identifying any multiple-generating horizons according to an

exemplary embodiment;

[00039] FIGS. 5A and 5B illustrate actual field data, and synthetic data generated from
the actual data, respectively, acquired from the Tupi oil discovery near Santos Basin, offshore

Brazil, where significant internal multiples are evident;

[60040] FIG. 6A illustrates a first model of all internal multiples of the Tupi oil fields
predicted using the sliding-window method according to an exemplary embodiment without

any subsurface information (i.e., with no a priori subsurface information);

[00041] FIG. 6B illustrates a second model of all internal multiples of the Tupi oil

fields predicted using an inverse scattering series method;

[66042] FIG. 7A illustrates the data of FIG. 6A to which adaptive subtraction has been

applied to suppress internal multiples according to an exemplary embodiment;

[60043] FIG 7B illustrates the data of FIG. 6B (generated using the inverse scattering

series method) to which adaptive subtraction has been applied to suppress internal multiples;



17 DETAILED DESCRIPTION [00052]The inventive concept is described more fully hereinafter with
reference to the accompanying drawings, in which embodiments of the inventive concept are shown.
In the drawings, the size and relative sizes of layers and regions may be exaggerated for clarity. Like
numbers refer to like elements throughout. This inyentive concept may, however, be embodied in
many different forms and should not be construed as limited to the embodiments set forth herein.
Rather, mbodi are provided so that this disclosyre wijll be thorough and complete, and
will fullyt@cﬁﬁgg the sc%gg% f?‘?@gﬂﬁ@t&ﬁﬁ\f@%‘ﬁ?ﬁq@gﬁ?ﬂ%i | Ié{v in the art. The scope of the
invention is therefore defined by the appended claims. The following embodiments are discussed, for
simplicit{) 40t regard i iHBtdhmsinsiogamd striiedrerodaniide Adate iahidG S defdbanflopr seismic
characteristic determinatign. syste ing;a system of seismic transmitters and receivers. However,
the emb%?rir%llﬂ%é%gp neggi%lgulgs%ic?rﬁg% %l%ém#oﬁiarﬁ%é(g]% lt%ré,s%msf?tlenrlﬁg ut may be applied to other
seismic characteristic determination systems that utilize the same or similar types of seismic

determir 88464y stem&E 1o G0bBERIts Hee dHFsifgho bethesdéite At and 8Brie erfsoditadrtmor "an
embodingents Means hiahadpartirianfeatiue: - sifugiyrgaqr characteristic described in connection with
an embodiment is included in at least one embodiment. Thus, the appearance of the phrases "in one
embodiment” on "in an embodiment" in various places throughout the specification is not necessarily
referring f9¥élsame ENtbSAiIMRSEaEGH e SaRE SRipHCama FASAR Pl R SLO G ERE S O6 s may be
combinegliBradycstitiabiessirpResip@ne or more embodiments. [00054]Used throughout the ‘
specification are several acronyms, the meaning of which are provided as follows: surface related
multiple glimination ( . inverse scattering series (ISS); -dimensignal (2D); read-only memory
(ROM), E%ﬁ-accei@gh?%érbls({ﬁ?iﬁ%?%g%%gé%’}cg%ﬁt%@ﬁi é@%ﬂs#%%?ﬁe%g‘dl serial bus (USB);
compact disk (CD); digital versatile disk (DVD); read/write (R/W); hard disk drive (HDD); read-only
memory [(ON); electhital bidsstsiey E By pbgrzanmedbleRDM (EERPROMRIteEvioking theable
PROM ( 'mng? 54(&%[}@) iquid.cr ispl ; 10de ray tubes
(CRTs); %\%E%c%&t (I} %ﬁ%%%%%%s%%ﬂ?r{g s3l/stemu%g%gsie)g; g%%gﬁqﬁgg)[n%é&%r é}ig ?:?EN); field
programknabiedgae byvhyustrae tiwesniFRE Asyospplidatiorespaificy srebedicteircuitry (ASICs); and
basic input/output system (BIOS).

[06050] FIG. 11 illustrates a block diagram of a system that can implement the method

shown and described in reference to FIG. 10 according to an exemplary embodiment; and

[00051] F1G. 12 illustrates determination of windows for use in method 100 described

in regard to FIG. 10 according to an exemplary embodiment.



1000551As described in the 1998 article attributed to Jalcubowicz (hereinafter "Jakubowicz"), an
internal multiple event can be constructed by combining three wavefield components, as illustrated in
FIG. 4A, which involves a two-trace convolution followed by a single-trace correlation or some
combination thereof: where P/ 402 is the primary wavefield from the surface to the horizon j (Pi 402
is transmitted by source 4b, reflects off horizon j, drld arrives at receiver 14a; as those of skill in the
can perceive, -horizon' is another term for interface or boundary, between material with different
indices @@%?DJ?ESCMS%G the source-side wavefield reflecting off horizon k and arrives
at receiver 14a (therefore, receiver 14a receives both Pi 402 and Pk 406 as indicated in FIG. 4A); and
P1404 id@kesxhvefield trahis:génecatedhysRicd Zhrelfactedithsdugbidtizon jh anidthes reflecting up
and from h(%rizon I}‘iiﬁe'ﬁzfz)ilwélm IS tbé]rceﬁrac%ed ngn | tr &smittedt.from source 4a, and rffl%cts off
horizon 'Back 16 recaivar 1467 Th EYGaton (1 Piis the &ShSIER SRt St PO EYr thd§ual
purposesiafisirpplibitysandibl eslityyvthe o wltle signatdre dem isayaglesteg dnafeguationuily. The

summatipn signs.in the equation are to ensure that, for an n-layer medium, all the possible internal
muItipIesEg{]}(eenlg?ﬁké?ﬁrrgrfngrt 021 ]f?gr?zzil%rﬁfjnésstar?ou&}rlg %Cﬁ)f}lsa%%\ﬁ%%ﬁﬁaga?i%d%@i nousel‘ﬁegl’l for internal
- multiple attbndsgicn, e vidifierdnighentosmdrshetdtions hip dmptiesdhatl ilnetddigher: paibbdeadteser can be
at any pseugdo-depth as.ong as, it is abpove the 'lower' point scatter, For ex le, in .FIG. 4A, horizon |
IS higherst %‘a%)] go%%%ﬁlk,ﬁﬁq?% %lkée ?g r%?? an gri%’ ,%%%?58 é%l.t E‘é%o}sﬁl%gfgegv blre rred exemplary
embodintiertywh exttasopietatiod saih il pddedintaernagified thersiomof & quatipn t(lfhtasénclude all the

pOSSIbIeSt]%[ﬂéH li|1|1t |81|ee g&“ﬁgtéggpg%%gg %ﬁ.v%r?tion is therefore defined by the appended claims.

The following embodiments are discussed, for simplicity, with regard to the terminology and
structure of an underwater and undersea-floor seismic characteristic determination system
using a system of seismic transmitters and receivers, However, the embodiments to be
discussed next are not limited to these systems but may be applied to other seismic
characteristic determination systems that utilize the same or similar types of seismic

determination systems.

[00053] Reference throughout the specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic described in
connection with an embodiment is included in at least one embodiment. Thus, the
appearance of the phrases “in one embodiment™ on “in an embodiment” in various places
throughout the specification is not necessarily referring to the same embodiment. Further, the
particular feature, structures, or characteristics may be combined in any suitable manner in

one or more embodiments.

[000654] Used throughout the specification are several acronyms, the meaning of which
are provided as follows: surface related multiple elimination (SRME); inverse scattering
series (ISS); two-dimensional (2D); read-only memory (ROM), random-access memory
(RAM), compact disk (CD) ROMs; universal serial bus (USB); compact disk (CD); digital
versatile disk (DVD); read/write (R/'W); hard disk drive (HDD); read-only memory (ROM);
electrically erasable (EE); programmable ROM (EEPROM); ultra-violet erasable PROM
(UVPROM); random access memory (RAM); liquid crystal displays (LCDs); cathode ray
tubes (CRTs); input/output (1/O); global positioning system (GPS); global area network



such that the multiple model M is no longer horizon-specific. Prior to discussing Equation 2, however,
the nomenclature will be addressed, in order to assist in understanding the exemplary embodiments
described herein. Initially, according to an exemplary embodiment, the received seismic data is divided
into M time windows, which is discussed in greate{ etail below. As shown in FIG. 4A, Pkis a
wavefield reflected from horizon k, which is a real, fixed, immovable (practically) physical object (e.qg., it
could be Ii@gT Ha er in the pcean, an ocean-floorC@_ r‘g ry, or.a bo.undaryifetween sand and rock,
among TN THEH SRS R RS AR LAEH SO A L e 5 KGNt as the
source-siffeuitay efislds yeilettedifropathaiiarizonswiBiog)time window WK; thus, it is a mathematical
construct based on real, physical data, received from multiple signals, but which is determined during
processi e recejved data. According 40 an £x lar iment, wavefield P" k, is obtained
by proce@%i‘l%é he date%\ %%etg:%nsgfﬁé%%nevhvr?% ow %%@ﬁ%% %anoggg?n fétrrfilntl-:‘amE)rodiment, wavefield
P, is obtalakdbbymioessmiethel dathithatisstomd nommstiowet,. B comiljracg shdiagvio eficikemplary
et kS i Agtinc s SIS R
Equation (2), the wévefle?és éo not correspond to a single event but fo a group of events within a
predeteinnigba tirrdowrdrgioin stastoes chnbregresaintsctiie primary wavefield reflected upward from all
the horizons within window W.; (the arbitrarily defined 4.1 horizon depicted in FIG. 4B, as opposed to
the j horizon as depicted in FIG. 4A). P13 stands for the source-side wavefields reflecting from window
Wk 410, which, in this first cag€jcan-be ylafined i afsouage-side wavefield that represents an upward
reflection of an internal multiple reflecteg from wifidow W.). P1 is a receiver side wavefield that
represents a downward reflection of an internal multiple reflected from window w/. 100057]As shown in
FIG. 12, each seismic trace is segmented into M portions horizontally. Depending on whether it is

responsitkered upWaitithe Bowaaraviete formothhaurtsaial thiuhopieomn(EpfPepridmnsaideiv will be
selectedyfp epsurahalibes W eE gRe and A IANET felrtinnshipais, fulfilled, Adhig;is, sphematically

illustrated’in FIG. 12 using a one dimensional shot gather. After the top window, WA, has been
d_etermiﬁ@@é@@%ﬁ%@lmﬁ@@@mbvéiewﬁg@m@rémaﬁbﬁqﬁdequme@zy mhttielceilagipeaio be
flipped vagically s &%), 12 4he bigberwindowin WandlipRes-NAing e, sampiss gonjugate
operation), two lower windows (Ws and Wc) are then chosen to fulfill Equation (2). As those of skill can
now app?@éiaﬁ@m@.rzzegrﬁﬁmfrarébﬁég’%ﬁ@sr@ﬁ@Wth@my%b@m|B,fé@ﬂrmda_’fm@ﬂﬁ@rsthe windows. For
a specifig, [gRWINFPIY MARY: !Bwseﬁmf%%&%ham%ﬂ RNAR ey SRSl eq

lower-higher-lower' relationship. The process, as further described below; is then repeated with other

top windBvirighHsyarere]. 1 fehinpa HEigoiatio B 2nbitep- beturrsiding-Widddvs dppretietiss sighzebd as
depicted g ENG 4Br J ol s WinHanaitAQS IS IPERIsH A mﬁqe-m%&q%iﬂﬁnmﬁ%mﬂlim"d down to

a lower location several times, forming, in succession, windows Wk 410, 1V, 412, IV, 414, and so on,

as deterfihisdisy eEiRtorPmy Ltk intd retwrdute stpraatb it serahegions ffat are included
in Equatign2)s dg}gnﬁﬁtgwgqxsgiee@qmm%&p(wm%aﬁﬁmaegigﬁﬂtiﬁfaﬁé afferwingdaw IV 408

has been treated as to where the top reflectors for the internal multigles may be embedded, window

Wk 304 EafPae thetchrisiadrdey aisaehitier dehnessgdainismal ma plestepresnedidiart e be found,
and so quﬁ)goga}hc‘ﬁ windouwn W41 e, 414, and so on. By repeating the downward sliding of the
windows, all of the internal multiples can be predicted without the need for identifying the
multiple-generating horizons according to an exemplary embodiment. [00058]As those of skill in the art
can appl8iR8! there H&BGd AR TBHY R GaREHRE A dBEnOWRER FRpTdAYSHting Equation (2).
First, therdiavweishighaipleweracansthaiRbis poRit By tenepasingdacdiaystlitoedebaommen shatand
receiver gathers performed.in view of pormal move-outs. According to a further exemplary

embodirf ﬂYFiH%o &%’iiﬁ’é”fﬂes?éﬁfér-lﬁﬁrh IBRIEr rathe fHe P dhmghesriutationally
efficient ame:if is pgHermes lithe prarmigratedidatad NG aprReye-0 Uk eppRetiamirlgisdara function
of time and offset that can be ysed.in seismic processing to compensate for the effects of normal
move-oJ’(?SF%SH@IW?HIF&Q}?OWQ%F?\}EI%% ST EBHon &R 4Ry é?%?—ﬁlﬁ &' Bftset from each
other. Offsetiid ciefinaditipiswdaeaseisiviczagsuisition, as the horizontal distance from source to
receiver. It is well known that offsets between seismic sources and their corresponding receivers
creates a delay, or move-out, in the arrival time of a reflection that can be corrected before stacking
and can be used to determine velocity. 21



[00059]However, using the normal move-out correction to meet the 'lower-higher- lower' constraint is
not as accurate as doing it in pseudo-depth (see, for example, Nita, B.G. et al, 2007, "Inverse
Scattering Internal Multiple Attenuation Algorithm: An Analysis of the Pseudo-Depth and Time
Monotonicity Requirements,” 77th Meeting, SEG, Expanded Abstracts, p. 2461-2464, the entire
contents of which are incorporated herein by reference) and velocity is required in the process.
Nevertheless, as understood by those of ordinary skill in the art, velocity information for near-offset
extrapolation is needed for SRME, so this does not add any extra requirement on subsurface
informaion. SAME, as can be appregjated by those of qrdinary skill in the art, uses the recorded
seismic data to predict and it%,ra:tiv_e\llg T Pte serles. key advantage of SRME is that
it needs no subsurface information w ¥_jsw}‘mgr‘f’“ﬁh‘é‘smk__a;wl‘é’§§re completely or substantially
completely predicted from the data. Moredover, for relatively uncomplicated subsurface structures, the
criterion using the travel time can be valid. 1000601 The second consideration according to an
exemplary embodiment is that the separation between multiple generators (i.e., sources 4) needs to
be larger than the window length. There is no such corresponding constraint in ISS. For internal
multiple generators, such as coal seams that usually have closely packed strata, very short windows

may be ggafed: indha:Hiprissian hat illpnsePprsiosrmanceieta pystiam ahd meathedagearding to an

exemplary embodiment is analyzed when these two considerations are taken into account and the

results AFEEBTRpAte A s RIEV S Addissipdattordindorasaistitraidssengiag Benbodiment, the
window gizenisiRgsereaithentenat.fdneserrcawanelelsRam s furthenihe-pembstiafayindows can

be determined by dividing the length of the seismic traces by the window size. While the approach

of Jakub&¥iEsaiyad Fitiag drk indiidrd srenditia aremslsary wbihels sS85 &2 BaFhAERd by the

need to icleskify ABuliRieraepRrAAG MOHZORSvdE1a RIREKNAWIRdEeR: A8 thessafiordiaary skill in the
art can appreciate, the necessity for such apriori knowledge means the approach of Jakubowicz is

more coSHyGriReabifidRAttisalviRIsssm SRIRF I Bodirrtitshgesbspaal hsreinn (0606 218y nthetic
and FieldRptarXaoiea184968] inwrserte usisatestihe Benefir, @Eﬁbﬁg%@ﬂyn&aw&;gk@ﬂimems of

the system and method discussed herein, both the |ISS based method and the method according to

exemplafye hsRiRRRdehRed 2550nda s McHrmekSioAaPesHT &b Hircsquiss-8¥vell as 22 original
field dataframenictrihecayntheticdaiawasaansratade HaS wARNGRBIllustatenasiuatfield data,

and synthetic data generated from the actual data, respectively, acquired from the Tupi oil discovery
near SaStOS BRSRASHSRA BRI S-SR TRIPHAIRE I ENaS aPel eV iehiS The Tupi oil field is
a large qibfigidileeatain Hiecsanips Basincaheutdsl kudkama) off thaxsaast ahBiaidadaneiro,
Brazil. FIG. 5A shows the field data from a line clgse to the Tupi discovery. A series of impedance

contrast¥AbeE bfeis i OLHE BESEAGE S8R RERH BT B BY Lait, AfrPIAB & ered salt
structures, S{dayBe-anaRraies @MENgIathetJeBaansd Hepfodko iialds aepignifiganiimthat the

discovered qil is located pre-salt, or below the salt level). All these reflectors can be generators of

internal SIUMIBIES THPLy AT AN SR AU RIS PR d8ReRb A% AysHE S fed B RLH0EE P odeling using

the corrgspending welasttyrham thedield dataolhe densifumedebyvasiieratinelysupdated until the
events in the synthetic data resemple those in thg field data (note the closeness of the two figures,

FIGS. SAAHIBES PreSRERRCRINEHIES ROURIEFv s ARIf B e BatRand Wad €6 that they
can be easihnidentifiegrkbesynthelicdatoaiethiki Gagede dsae ialilustr aterRpd gxamingthe

effectiveness of the two methods. 1000631 Using a window length of 25 samples with an overlappin
length Ofagn ow W; (the ar itrar?ly defined I% horizgn depicted in FI%. 4B, as oppose:g to the j PRIng

h g e

horizon as depicted in FIG. 4A). P, stands for the source-side wavefields reflecting from
window W} 410, which, in this first case, can be defined as a source-side wavefield that
represents an upward reflection of an internal multiple reflected from window Wj. P,,isa
recetver side wavefield that represents a downward reflection of an internal multiple reflected

from window wi.

[60057] As shown in FIG. 12, each seismic trace is segmented into M portions
horizontally. Depending on whether it is responsible for upward or downward reflection of

the internal multiple, an appropriate window will be selected to ensure that the ‘lower-higher-



samples, a model of all internal multiples, as depicted in FIG. 6A, was predicted using the
sliding-window method according to exemplary embodiments without any subsurface information (i.e.,
with no a priori subsurface information). By way of a non-limiting example only, an exemplary sample
length can be 25 samples with a processing sampling rate of 4 milliseconds, which means that the
window length in time, or temporally, is segmentea nto about 100 milliseconds portions. However, the
"length” jn this sense actuall responds to the depth of each window, as discussed in greater detail
below. PRV Shiel AL et HALSSERT BAENS BUEHARIAR Hobd DPREHERAG the
multiple-gignexasing farizanstsea it Madial 12084s bopplicrtiansethrismkest Multiple
Attenuation,” The Leading Edge, 3Q, no. 8, p. 906-912, the entire contents of which are jncarporated
nerein by TERIFETR) IS @SR 2S4S RSBR THRFE0 FHERTASSTHP RIS FOP Bl felds
predicte@1gsing the KB dnethadwlican, iE9hacsued ingdhe: wenplediatigngatbalpthedmuligles around
pre-salt, which are mainly related to the water botto those internal multiples generated from the
top of se}ﬁ‘ﬁ%"lﬁg&‘é’a 56%$a ed B Icﬁ%sﬁglg’d%&gﬁ(%ﬂ%té?ﬂééi. EYEPRAISH he*Btructure of
one of thextoppmetipie-generatnghotienasciemot salhdsiatharsomlplicatbhdiensystgim and method
accordin\%,to exegFIar embﬁ)diments is 23 still ;}ble tQ fulfill the 'Iomg:\r-hig er-lower' relationship
because TSP mUTTiBIERGEE SR ROPToRE R ! AT sERIAEHCAP i RESas ke 2 Ahfitistrates the
data of R{&sGAHS ‘Wvehladaptiversubicactiontips Deeprappiicasttisuppiessiriemabmuliples
according to an. exemplary embodiment. FIG,. 7B illustrates the data of FIG. 6B (generated using the
ol LR e

inverse SCRHFhY fF ChignEH) &%rgg)afﬁ’[i%rg B AR S e PREITEY jpress internal
multiplesyviidoardipgotaiat: extinglagydepited menG. adaptie: $¢kiagtianiinyolas saatehinghhe
amplitude spectrum .of the igggg]al-mﬁléigle mode‘ to that of the in ut1before erforming the subtraction.
The mattHHYPHASERHERE thar EONPRAS AN GQPL B EREER' (M SniBta& dARd frequency
content ketwasionnadieled inigratation aml aciuakiniednaianadotening-aisyahingtisulotaction occurs.
Therefore, FIG. 7A results from a matching.of amplitude and frequengy between. the data shown in
G, A ST A A T T T R LT R 15 T BFR 16 BRI e s it
shown in{BH{BEustutds, sicebedippocess ceatitat bebudandntGihatodBeb Bimkaviie 408 HianicéB. It can be
seen that those internal multiples below battom of salt that are amplified by, the focusing effect that
traps mURTBIESaRasGY A A (o8 R SR ot RS R S o SR frternal
Multiple Bdadeiingin BsentBilerblieating il Gopix pandeadidbstwaots, the Br&2486:stha @atire contents
of which are incorporated herein by refer e particylarly yell attenuated in both results.
(0006 AIF AT SR SHRbS ol o P A S s BN ot following
implemeddatiovanf $hidimeilidoet adadaingald cittrxemplal yneiipbdinaic andifcitl 8Chilusiiates the
difference between EIGS. and 8B (i.e., the data from FIG. 8B being subtracted from the data from
I, o AT S T S S B P SRS G BRE Sssing using the
inverse seditefimgrgeries method, and FIG. 9B illustrates the difference between FIGS. 9A and 8A
(thus allowing a comparison between FIGS. 8C and 9B). [00065]The corresponding internal multiple

e endsgh s ool daindeuaionss yinge mistbaraccar 09, RRLEEEmBIary

embodiment, and using ISS) are displayed in FIGS."8B and 9A, respectively, after the free-surface
multipleddkadrse epceamiovhenusing SRME Hawtidre(gdeRifrbrhthidotiieepoe-Hivtet ®IGHBGtand the

differenag g/ (3, a hakmastiolds istab Multelg havs ee

i %?éﬁ%l%&% flteQuyated by
both methods, although they are not as clear as in the case of synt %tic ciog a because the multiples

are muckinesret Mot edittd d&t@r@l@ﬂé@\aéﬁﬁh@ Asisepiathenhodifiend datarpegtadebehe 24
performapge of;predicion and SURALHRR HRXEALNG, Sc%&%mﬁti?}ﬁ%ﬁ?ynle d.metheds.according to

exemplary embodiments to a three dimensional operation can iImprove the accuracy of multiple
modelingerformed on the pre-migrated data. Normal move-out correction refers to a function of time

and offset that can be used in seismic processing to compensate for the effects of normal
move-out, or the delay in reflection arrival times when geophones and shot-points are offset
from each other. Offset is defined, in surface seismic acquisition, as the horizontal distance
from source to receiver. It is well known that offsets between seismic sources and their
corresponding receivers creates a delay, or move-out, in the arrival time of a reflection that

can be corrected before stacking and can be used to determine velocity.



[00066]According to exemplary embodiments discussed herein, an approach based on iteratively
locating the multiple-generating horizons has been provided for predicting internal multiples in seismic
undersea exploration of hydrocarbon deposits. The systems and methods discussed herein according
to the exemplary embodiments are an appropriat nd cost-effective alternative for internal multiple
attenuation without subsurface information. [OOO FIG. 10 illustrates a flow diagram of method 100 for
substan mlnatl the influence, of multiple reflections in determining undersea geography
without S8 Short knB ARG o Qo HRCB BRI REC A GTER S TATy Moot
Method kG:-begifnsralithistea i@Rcdﬁerlﬁﬂﬁﬁ@ﬂﬂ@ﬁﬁgﬂ&i&-ﬂ@@&l@éﬁi@ﬂdﬁrﬁmﬂ@éﬁﬂﬂmﬁep 104,
raw data js ived fro aII of the_receiv. stored in roprlat rage device.
e row et o B ESETHI S TOATBH 8 O AMERCTHEE b S bbesed
Accordmg&a@n]:eegﬁmarﬁmmbﬁﬂmemignkdmﬁmmi swwmeasmglgusﬁcgﬂnpdhﬁlﬁs is SRME,
discusse brlefl own methods ¢ clude those such gs Radon transform and
waverol BRI T ot b AT TRREDE atEh f6r Pe ubB A pIRES AT AC T FtEfbs
Windows;zarea&aﬁn@ed; mpﬁfdﬂng thephengih taa@bﬁlﬂlm&h &k Ackesding Eog mm@mmmyrgmbndlment,
the Iength ortant.as the w, dow Ie h / must b e to | distance

f the W|r11dow IS
BB T s e e S A Ry 4050 of
sound nmad&at@rsmah@afegﬁnewmmmummlbe a@hmaw&mae@@easmd Thus the
window size hg,{.ffﬁ@th ati Inf Ien th d ension, If ship 2 is.about 15 ers abo e the surface of
a

the oceal. & st ouste eer%%rﬁi&é TS TRVel HaRY SETFE %‘Ef 1‘8&%&& oor 42, and
then bacdkkbgaintie mﬁmpmsbﬁcécﬂfhﬂitﬂg idmﬂt@a@f&ﬁ’ﬂ@ﬂymmodﬂmmeaﬁhmﬂhdew can be
defined t orres about e OO |IJ| econds Ttl t?%rres on t q}about 501metec{s in,depth, and
there will rgﬁlg Pten (611 Tha oA Strfale B Potom o ﬁé’ BEEaR e(f]hus M = 10).
Howevelréhode: dﬁmrdMafyosleﬂj foﬁmm&ﬁmmpmphtatedhabibﬁ“awumwmm hieedefiagdnto be virtually
any depthﬁ%e htlme i tervagév\@ere n.the limiting factors in deciding how many windows to implement
can be s&r é glzgvproglessﬁg gpgeg and time, as well as memory storage limitations. In addition,
however, there can also be constraints in terms of resolution of the sampled data, such that the
window &itbldoes 25hepsreadransidotitalitationdngde ancarmipigrostdibitdinervie et Seenpling

rates, a e p8 te [ S d, method
100 pror(?egéggs to st%r?‘%% m@v%g %{%@%&‘é gsé%%%%t@ g %ﬁr%ﬁﬁ %gga%ctoﬂﬁxr%? %gl}t?he time of
arrival. Iﬂdwtbxihqgﬁelsmﬁeqh@m&@mﬂmsmlmw wihts Iﬁﬁ@n&bl@@lﬁuﬂdmmveﬁ;elds would

be reco'hﬁgEH%t?Qeﬁ Uil @&ﬁl? ha@c?cs%l?%aglpe&os&g@%elrf@ow \‘}ﬂﬁé&%hﬁgg ggls of three

wavefields are corre toP P".k; and P",,/ used in equation 2 to determine a set of internal

multiplesheetestdinghe @mmmhﬁy@mlméﬁmméx@ ¢ steptan2nmetbibad o8 eeis gite an and
proceedg o Sle ﬂgl&ﬁbwiﬁ@w}?xya@;@& eaHakiaL0f boﬁsme&%&ﬁm% isialways the.highggt window,

and P wk, P set to the lowest two windows, in accordance with the iteratively performed

summatite hesatisardancwitd Bdbatonyn) a8 m&l@ﬁseﬁqwgi@m@ al Gzt eiceenaipgrio an exemplary
embodiment palow: I SIER 4G ALCRTHIREIIR AR EXE TR BRHRBRAdIMERLman s Sa|Gylatgd according

to a modified version of equation 2. In the accompanying flow diagram, FIG. 10, equation 2 is modified
to removidemereichedstisdmrastohestetratitied baldiistion be hgilhetéhs wi@wlfm@rhalthvale

model. 1. il 12 sliaURO A SoMURTAIDIEIOR, MUURIGS 0} E0,D8 Sho i fowdiagram

foxmat; that Is, the left-most summation, from wl = 1 to wi = wp, is represented
discussed above, Jakubowicz is harnpered by the need to identify multiple- generatmg

horizons, 1.e. a priori knowledge. As those of ordinary skill in the art can appreciate, the
necessity for such apriori knowledge means the approach of Jakubowicz is more costly and

less efficient than the exemplary embodiments described herein.
{00061} Synthetic and Field Data Examples

[66062] In order to illustrate the benefits of the exemplary embodiments of the system
and method discussed herein, both the ISS based method and the method according fo

exemplary embodiments were applied on two-dimensional (2D) synthetic data, as well as



the iterative loop that computes the other summations for each defined window (discussed above),
and the loop indicates that the summations are performed for each defined window according to an
exemplary embodiment. In step 116, according to Equation (2), Paj is set equal to P",(1), and in a first
iteration of Equation (2), Pwk is set equal to P",2, and P, is also set equal to 19,2; then, the product is
calculated, and Pio iterates from 2- 100 foIIowmg ose series of product calculation, Pio( iterates from

2-100, and for each iteration ofP 1 alsp iterates from Pw2 thro t nner the
summat‘gﬁgéﬂ?ﬁﬁ gjéﬁfﬂff ﬁ\fﬁ a?éaré’t’ﬁﬁe%%}b%gtlé Epﬁgosoﬁzg% géd F?anedlately
followingatihel rﬁeimﬂsﬁapm@.fs@ﬂmatie rala(&) g"dmmneatmm HeQRA\ICKIEes RudeandRvichaiedoeen
iterativel ed from n= 2throu 100 ( cause 0Ses. nIy M was set equal to
100y, 11 TRt e e R Bs A e AT b, VICHE S £ HBAPHTAEL tho rotm
multiplesridip ke ke Mviaeeordingliepthg] dliation | 26cbis feldddbaqravine S windBussyabedtelds to the
new on re ts h terative process until all o dows! w lds have been
oo TO G OCT SELpe S R oA Rt ot TS B4 (B 1o
determingg alj;@ftme;wm@ftakiskayemmwmméwmmghewwmw@m model M). All
of the wa efield wﬂlﬁ been u d once n r ié§hes ’%glt?( hen, P =P toglband Pwk and P1 equal

PWroo). ﬁ%’ivf%%‘c oM ES ?@ﬁ’s?@B %l?%qﬁ KPSt £ I5¥%%he next set of
wavefieldsaasraraeianving omeane sbtaingd ToshdhdiwiRdowsiiaid saemnadbearding éecaniexemplary

embodiment, th ermost wavefi eId 1 extw dow down (w,-/), and when n = 2, such that
P < P A D s A HrLbi L PRSP pF LN HoTATER e window
data hasihddpledilifad sthehpriockss, dis;ﬁi@utatmglth6%@@&3@@&@@@3%@6@&6&&6@@a|n If all of

the wavefields for all of th |nd ws have bee n |nt unt in rmining the jnternal multiple
o1 mod WA RS LOREISITS Qe A oL AT T B T Ye08) mclthe frue
data is dqteﬁmmeﬁhbyha@dmgsI‘yht(hmemldaiaa(mtam%yeamdatfﬁcheﬁ,ebb@aﬂs{ﬁmaﬂds defined as

being a negative 0% Ee su atlorc?,(g he r §# n actualf II the hical area of
ierast SO BIAR S B AL SL M AT o5 ST T Sl G RN hatare
amplified in the synthetlc data so that they can be easily identified. The synthetic data in this

case is used to illustrate and examine the effectiveness of the two methods.

[00063] Using a window length of 25 samples with an overlapping length of 4
samples, a model of all internal multiples, as depicted in FIG. 6A, was predicted using the
sliding-window method according to exemplary embodiments without any subsurface
information (i.e., with no g priori subsurface information). By way of a non-limiting
example only, an exemplary sample length can be 25 samples with a processing sampling rate
of 4 milliseconds, which means that the window length in time, or temporally, is segmented
into about 100 milliseconds portions. However, the “length™ in this sense actually
corresponds to the depth of each window, as discussed in greater detail below. Previously,
the same data set was tested before but with the need of identifying the multiple-generating
horizons (see, Griffiths, M. et al., 2011, “Applications of Inter-bed Multiple Attenuation,”
The Leading Edge, 30, no. 8, p. 906-912, the entire contents of which are incorporated herein
by reference). FIG. 6B illustrates a second model of all internal multiples of the Tupi oil
fields predicted using the ISS method. It can be observed in the two predictions that the
multiples around pre-salt, which are mainly related to the water bottom, and those internal
multiples generated from the top of salt and layered evaporates are well modeled by both
methods. Even though the structure of one of the top multiple-generating horizons, top of

salt, 1s rather complicated, the system and method according to exemplary embodiments is



[00071]According to a preferred exemplary embodiment, two criteria must be met in order to use
method 100: first, the lower-higher-lower criteria discussed in greater detail above must be presumed
to have been met, and second, the window length must be less than the separation between the
multiple generators, or sources 14. That is, the window not only has a depth (in time, or meters), but
also a distance (again in meters). 1000721 Disclosed within is a system and method that can predict
internal mg]ti les in mﬁ Eine or land_seismic data without requiring a_priori information about the

subsurfat fid9 s TSHaEEhe R ke s it ship st Bt iHmedinltatsaFiii®les. The

system aygirnathed fet separiemthesseignieidataimowifierant windensibasadLrihe travel time of
the wavefield from the source to receivers. Then, a convolutjon is performed between the traces in the

windows iR X Fes FRLBGH e P TP RI R UREHES HItSEFBIHADIS RS RS T BRrelation with the

traces incthexiiist-fiepebudndeny. tFaGare iaspepsibdipfandorm@rey eflactions atihemernrsppnding
internal multiples. By repeg;[irﬁli%the rocess that includes the subsequent time windows, all orders of

all intern¥ETIRS S ES SRR Hcratch RABRIE Yn§H RIS HRE AR Bhs WeeBitIRE &5 ome

embodimentsithe wingin lerRoth samheneifterent farHethras Wingeus: i, Mo ard Mhiénthe in practice,
wk and wl can he s%‘ficiently Ion%claﬁr than wj. [00073] 1000741FIG, 11 jllustrates a seismic data

acquisitiotf S JRESHH™ 66 LaitatTR o PIKERS stEi Mt RtHS 108 RS QG BSHARRIRE eliminating

the influeinesnbirmuitiplemefleationsdmhdeteuniningmpdersesgragaphywithosdtha.a meori knowledge
of subsurfa(:ﬁgi%{grm jon according to an exemplary embodiment. S§stem 20Q includes, among other

items, s&RIR AR AP iFRE RS S B9 AEL S PR EOR Rt ARRAbRY BT YBEs) 204,
process®i¢H)h 0% (thasei of cibinas akikinthe Brit:eis- apIECGale:thak iIRdROS 8RR Sy stems,

parallel procgssing is hecoming increasipgly prevalent, and whereas a single processor would have
been uséﬁlﬂﬁfﬁéegﬁél Sqﬁ?ﬁf@’g@gﬂﬁﬁ%ﬁd&% FEQSB\ el tahtroRE: |?§’égm8’i‘eﬂl?oﬁlﬁff‘|8ﬁ currently to
have a sitiglesdadiegiedcprocessanios Cenanpiernaiions (e«gidigiahsigratpracessenslruniversal
serial bus (USB) port 210, com isk (CD)/digital versatile disk (DVD) read/write (R/W) drive 212,
floppy di8 %?ésd}%g?fig&%ﬁ I‘?&% é%eggu?én’%fﬁ?&ﬁﬁn%g@e @ b SerdetridisSice), and data
storage untrRa32mbisiestorage butibadaritaticaneamplisRhardidiskdkue: ¢HREA 2L 6-4fhese can
include conventional magnetic. stqrage medig,,but, as is becoming increasingly more prevalent, can
include TRRIR G Be S U AEN oD 1554 kg iifer Ut PR EAERAROM)
device(shrilSptherelcnincinle eechiratinerasabextenldaroganmable R@MAEE-RRQM)devices,
ultraviolet (UV) erasable PROM devices (UVPROMs), among other types), and random access
memory TN LIEAS 350, SSTIE A TR FoR SHo RS TG ey s DS HRE Bl vt
CD/DVDhBshtglguice 212 are CD/DVD disks 234. Usable with diskette drive device 214 are floppy
diskettes 237. Each of the memory storage devices, or the memory storage media (216, 218, 220,

224, 23 37, a th ), can contain parts onents,pr-in its entirety, executable
softwarg[%ﬁggfimmingﬁ%g@ (}s,%at\%%%) az%g%né %\?v(?asrg%glé ?ﬁgﬁﬁﬁm%;%n%gr)ﬁﬂt Sétr?ﬁ%st%%edygggcribed
herein. Rlatthisl]proce sopt208 iissif cdithcontdivdascodiierent typep b ynenbodirstatageldevices

(most prapaty: ALRLIRITHING LIHINELR A ST oR SIAYC Bedia R0k PRL Sas sipp all o
some of the components of software 2 6.

subtracted from the data from FIG 8A). Further, FIG. 9A illustrates the same data from FIG

8 A following processing using the inverse scattering series method, and FIG. 9B illustrates

the difference between FIGS. 9A and 8A (thus allowing a comparison between FIGS. 8C and

9B).

(00065} The corresponding internal multiple attenuation results from the field data
(developed using the method according to an exemplary embodiment, and using ISS) are
displayed in FIGS. 8B and 9A, respectively, after the free-surface multiples had been
removed using SRME. It can be seen from the difference plot of FIG. 8C and the difference
plot of F1G. 9B that most of the internal multiples have been modeled and attenuated by both
methods, although they are not as clear as in the case of synthetic data because the multiples

are much weaker in the field data. Moreover, the noise in the input field data degrades the



28 [00075]In addition to the above described components, system 200 also comprises user console
234, which can include keyboard 228, display 226, and mouse 230. All of these components are
known to those of ordinary skill in the art, and this description includes all known and future variants of
these types of devices. Display 226 can be any ty;))e of known display or presentation screen, such as
liquid crystal displays (LCDs), plasma displays, catfode ray tubes (CRTs), among others. User
console 234 can inclugg one or more user interface mechanisms such as a mouse, keyboard,
microphRETBHAT P& ,"t%fﬁ&ﬂ"?c%%ﬁ?%?&&%‘cgéﬁ‘?ﬁéﬂ’%ﬁ&ﬂﬁ%ﬁéfﬁﬁ%tﬁ& Thehodtive
inter-corpmauRiaative dewiprey (004 G1Iaer eansole d3denshilbriaponentsihprnaraiely provided,
interface with server 2%1 ia server input/output (110) interface 222, which can be an RS232, Ethernet,
USB or &ﬁ?@?%ﬁé’%‘f“& Fﬁi%ifﬁﬂéﬁlﬁ%s port, or can include all or some of these, and further includes
any other type of communications means, presently known or further developed. System 200 can
further iR Lommunicatiding satekiteiginbahpoditioninglisystead [Giefs) traaspeivet blesate?38, to
which is glectrically connegted at,least one antenna 240.(according to,an exemplary embodiment,
there wol T L To e o B ok A B A BT B R B Kirectiona
communicatigrissantemmalc Gydiere 200l @an@ccébsdnierrietii2ddoeithel Hereugtne haddweiteds

connectign, via %8 interface 222 gir%%t% or vi/ireles%lg via antenna 240, and transceiver 238.

t -
- [00077] erver 201 can 6‘80861}8 dto g_rrngoar{'ypﬁlﬁngdérg\ﬁ%tgs%r%&%ha%%?ﬁggeetﬁna %%Sérate or control

the equipthertivefdtuma; widonstenahorel plvvadtksu Sernven R0t mbgdéapaih ifraddirger network
configuration as in a global area network (GAN) (e.g., interne 242), which ultimately allows connection

to variougfaaiines. (0907 JHAeeRrding 13 {-ahEH XS FARLAY LB INaN YR RO S

g
ostensibly designed for use in seismic exploration, will interface with one or morée sources é{‘?and one or
more red8i/ersukaeT hesulaplprellistisns de setibatinaeuadstivedtosannmetbSitthevhioticare also

attachedhids 3a bk as ek AR pasiioning: As fuiherrayiRusdissHsses, sources 4

and receivers 14 can communicate with server 200 either throughan electrical cable that is part of
streamePegiof Vit shrpel 83siaysherh shiamiasieommainksaesaipd Aiteoiace 40 dmeleraHibairer 238

(collectivgly, describad 32 AP MBHHEALARSLOMI Ul P48 d?S an appropriate memaory storage

device. The raw data is processed in step 104 only to the extent that surface multiples are
suppressed. According to an exemplary embodiment, one manner of suppressing surface
multiples is SRME, discussed briefly above.  Other known methods can include those such
as Radon transform and wavefield modeling. In step 108, M windows are defined for the
geographical area of interest. Windows are defined according to a length / and a depth 4.
According to an exemplary embodiment, the length of the window is important as the
window length / must be less than the total distance between the first and last source 4. The
depth of the window is determined based on the speed of sound in sea water, which can
generally be presumed to be about 1500 meters-per-second. Thus the window size has both a
time and length dimension. If ship 2 is about 1500 meters above the surface of the ocean, a
sound wave will take about two seconds to travel from source 4 to ocean floor 42, and then
back again to receiver 14. According to a first exemplary embodiment, each window can be
defined to correspond to about 100 milliseconds. This corresponds to about 150 meters in
depth, and there will be about ten windows between the ocean surface and the bottom of the
ocean (thus M = 10). However, those of ordinary skill in the art can appreciate that the
window can be defined to be virtually any depth (i.e., time interval), wherein the limiting
factors in deciding how many windows to implement can be sample size, processing speed
and time, as well as memory storage limitations. In addition, however, there can also be

constraints in terms of resolution of the sampled data, such that the window depth does



to enter commands and configuration into system 200. Display device 226 can be used to show:
streamer 6 position, visual representations of acquired data, source 4 and receiver 14 status
information, survey information and other information important to the seismic data acquisition
process. Source and receiver interface unit 202 can receive the hydrophone seismic data, from
receiver 14, though streamer communication conddit 248 (discussed above) that can be part of
streamer 6, as well as streamer 6 position information from birds 13; the link is bi-directional so that
commarRRPERAT A BRUSRH TS tBfoR Prsed 9R aRalas- &&&F@t?@éﬁ?&eb&%ﬁf&ﬁtﬁéa@%@@é%d receiver
interfacesunit 22-.gan also communicate bidirectionally with sources 4 through the streamer
communication conduit 248 that can be part of streamer 6 Excitation signals, control signals, output

signals us inf tion related to so han e rea munication
conduit %ﬂ% égf ween ?@%W%Hefngﬂgbﬁrgé@ i?%%%a (fﬁjaiﬁ ay for things like:
the transfescaads stosage o6 @tatahﬁhattm@amateafmmaedtlaeﬂtﬁers@umemeoemgeamemreeeivers; for
processor 208 t (f aﬁcess store ta contal ifj ata stor ‘%%’é memg é232 for(#) é)cessor 208 to
send infSIAtGH 1Ok Ui éop?ay Ehe dispray’ 8“’&?‘7 Vi sBiH Wnindee o system
operatingvprofjednsvthad ight sesidetid eithiesitve aroeeBsorRO8IL e ROPYCR. ahstéeteiyer interface
unit 202. [00081]System 200 can.be used to | e thod 1Q0 for substantiall inating the
mfluenceﬂll 0 %m%ﬂ%pfe rg 8¢k 6"6&3"?#%% netl?ﬁ ﬁ%g g@t?@&g?%lr%“w&ﬁéﬁ? ?h’g Sqﬁﬁ/%?rn%&/vledge of
subsurfa@aanfnnmaﬁemﬁmrdutgmﬂtqﬂeemmdﬁm errﬂnmﬂamqrﬂhrﬁalmarmsﬂtu Narke, inoftwpare or a
comblna r[) therhe(i ybe useld to erfolin.the varloétis steig angjoperatlons esqribed herein.
Accordlng TR SFysenmbo?af% mcegﬁ\s/vgre% f/J(ir erel?tg Bt f76 IBBVE disetsded steps can
be storemmﬂodﬁtﬂmmmjmmgimemmﬂmragé fenifesasecht as tilevices2ay RIBIRX) 224, 234,
and/or 237%} scrlbe%%% else stor e media ma be mse&)ted into d read dewces such
as USB Sor fB T '4é e osﬁlr%l/ étztc‘é?ﬁ Y}%}r c ordlng to an
exempladysamhaaﬁmmmmﬂmmmmatmng}bmttmm@ycanmﬂhmm heﬂiedjchtecbprm}assor 208.

Those of ordlga sk|II |n the rt in theére{lgn? {?«r m qdrr‘genscan reC|at t uch. functionality
ity HEIdRG BU no‘fchmre ORIl 8 ramimable gate

can be G%S|gne mcto Vatiou ?rﬁes Of Gire
array stroftunesi(hPG Asihe3Qappiantion Spediiiceintegrated: Oireqitayi(AS [@ﬁﬁocﬂm‘mrd)m@aeeser based

systems T|QI?%’Oth§£ !;% Ade{ﬁule dIS(]:UﬁS on oft |ous]§>tpe§nof |§c

|mpIemen ons does no su%étan ively aid In an unaerstgan ing o he em men S, nd as such has
been ommmtbﬁgr&h@ddatmﬂ]umnmﬂlﬁrm@mndmlanhynﬁﬂrmmveﬁ1asamé;|b khown itodlese of ordinary
skill in th(e art theon%stems anq met&o glscuss ern can mplemented as dISC ﬁ%sed and can

further mcﬁ%e programma ewcegjfl %&Téauc% prgara’vmmab?e devides'ahdlor 6 ?/’pes of

circuitry ds preatouslyop that computes the other summations for each defined window (discussed
above), and the loop indicates that the summations are performed for each defined window
according to an exemplary embodiment. In step 116, according to Equation (2), P, is set
equal to P, and in a first iteration of Equation (2), P, is set equal to Py, and P, is also set
equal to P,;; then, the product is calculated, and P, iterates from 2-100; following those
series of product calculation, P, iterates from 2-100, and for each iteration of Py, P, also
iterates from P, through P00 in this manner, the summation within summation is
manifested with iterative loops. See, also, the discussion immediately following the

introduction of Equation (2) shown above.

[60069] Once P, and P, have been iteratively processed from n=2 through 100
(because for example purposes only M was set equal to 100), M is calculated (as discussed
below) and then method 100, in step 118, determines the total multiples data field, M,

according to the equation

M =m(fn) + min.1);



discussed can include a processing unit, a system memory, and a system bus that couples various
system components including the system memory to the processing unit. The system bus can be any
of several types of bus structures including a memory bus or memory controller, a peripheral bus, and
a local bus using any of a variety of bus architectures. Furthermore, various types of computer
readable media can be used to store programma@l@ instructions. Computer readable media can be
any available media that can he accessegﬁpi%l,gge processing unit. By way of example, and not

limitatiordP GBS PERAGEISREAN B3R 48 s mpltePStBRagEnT U EbMRTARRSAtion media.

Computgnstaiagetmettiadechaan vetalite amndranvelatite ascwelkiagaemovable and non-removable
media implemented in any method or technology for storage of infonnation such as computer readable

instructi ta structures, ram maqdules .or,gther data. Computer storage media jncludes, but is
not Iimitzg(?t%, AM, %ﬁ?%@é@i%%a%%ﬂrﬁé%g%o& oii éafmmsé%logﬁ é‘c h%llogcylll,eglﬁg M, DVDs or
other opticzldisk statbgethamagneficidabsettbscmaghetiddapeimagthetiateskd stodaigee Gl other magnetic
storage devicegy orany:aihier medium uhich can.be used o store dhe desirad nformation and which
can be accessed by the processing unit. Conmmunication media can embo y computer'féadable
instructians, MatandtRictuped, Rrogralimodiie’ prtbthemdita swa sepdiateddbod $iheadtsusch as a
carrier wave. orioher yansport mechanism ndsan include any suiable, nformation, deliyery media
[00084]Theé systerh memory can include computer storage media in thetoun of volatilé and/or
nonvolatdgamesmany suckasiROM anclemBR AW eAlzabivdnp tikouppeatsystermvi@iE 7gantaning the
basic routines that help to transfer information,betwegn elemenys nected.jo.and between the
processdt R e L A sroret o i e o T e
and/or pesgramonsdy diesutisad arEhinnpediatelzaceedsilflthtovandder gradensthcbeingiopdrited on by the

processing, unit. By, yay, ph nopdimiing exam % R??Jg&%%%ﬁaa%fa@léogtnoagg% an.operathg system,
appllcatlgn programs, other program modules, and program a]ta[ e processor can also
include diheiirefmioyabielmeniremn deab leland ntolatiteim nvdietitenoonypiitemstoralge uttedias For
example, the n SSor can ss a hard. disk dri t rea om or writes to srempvable,
nonvolatfllile0 Cr%:%\é/%% ic me |§, a macé)ﬁ%ﬁgﬁigﬁ%?R/é%ﬁéﬁt%gdg%%oﬁog} \8/)\%? ggso?osgi gr% vab e, nonvolatile
magnetithdiskicalatios detopticad diglediive Mhat thadsviba (romités e remorabiEansnwgiatile optical
disk, such asa %D-ROM or othctar optfi%ql media Other removable/non-re %Y%ble volatile/nonvolatile

is detined as beg .'%g ﬁne alve o ecfum%ﬁatlon 5 an?i & TCSUlt 1S an 40l epittion e
computer storage mediathat tan be used in the ex mplary operating environment include, but are not
limited t@enmagpisticl tape chssettesyitashuligniesrybardbaligitaduretsatiidl vidks mdigatairemdeo tape, solid
state RAM soli&i state BOM and the like. A hard disk drive can be connected to the system bus

recderved raw . . . . . .
through a hon-removable memory interface such as an interface, and a magnetic disk drive or optical
disk drive can be connected to the system bus by a removable memory interface, such as an interface.
[00086] H¥Blary enfiesaridiasttodigeatsead seeein eancaiseba emhbvdiet asacomd bereatiable codes
on a compyiterygadabismedvn-Ehe CRmersETsataRle tediym CAsCIHYe-acomapyer-readable
recording medium and a computer-readable transmission medium. The computer-readable recording
medium Akt stBreE g itk earmtbred sbsWhidhccu i Bevteregrmure he Isysdedmputer
system. fxamples of AR STTRRHAPIE AL g Hedit Ty Inelid e REAMyRAM. foPRRMs and
generally optical data storage devices, magnetic tapes, flash drives, and floppy disks. The
computekdehdapie (8 dbpginty medismbeaslspse BeamseripettiByRsABIwork coupled computer systems
so that the computer-readable code is stored and executed in a distributed fashion. The
computefpirgdpble trapsRlisRiowaaHIM SA R 0250 €hay oMe profRignals: (e Gulwplediar wireless
data transmission_through the Internet). Also, functional programs, codes, g}r}(g code egm_e#ts to,
when imPI8i& et sthigbte’ala Honib RERtvR%? AEESMBIRITGHSR ABT BeTERINgEERAR Glements

of the appendead islaimsdeandiscreadibricosshieskiy progiaspaelstekiied:ipl the Bt o whichdie
embodiments pertains. 1000871The abqve-descriped exemplary embodiments are intended to be
lustratvESHaN PESreRRataRRY SFE SRV & fﬁ{@%ﬁ@ﬁﬁﬁ\*fﬁ%ﬁ%ﬂ?%@%‘d B?éfseﬁﬁﬁvemion is
capable ghmaayVvasiatinesdordetaileddimple MeatadiosnihdtGan Reaesiveciibeny tbe wWeseription
contained herein gy a person skilled in th?oart. No element, act, qr instruction

m the windOows that are responsible for upward reflections of the internal multiples and
correlation with the traces in the first time-window that are responsible for downward
reflections of the corresponding internal multiples. By repeating the process that includes the

subsequent time windows, all orders of all internal multiples can be predicted without any



32 used in the description of the present application should be construed as critical or essential to the
invention unless explicitly described as such. Also, as used herein, the article "a" is intended to include
one or more items. 33 WE CLAIM: I. A method for substantially eliminating an influence of internal
multiple reflections in detennining undersea geograﬁhy in a geographical area of interest without a
priori knowledge of subsurface information, the method comprising: (a) generating a series of
seismic signals by a plurality of source transmitters;  (b) receiving raw data at a plurality of
receiverS BESEHGH IR HaTRRatbqCEHBE i suRhRRaRsERRRt, theayipdostiigaervPM windows that

correspogideriy figally ﬁ%%@%@@l@j{v\ﬂ%ﬁ&mji%@fﬁ?ﬁﬁi&@é@,WQQ@W@&%@Q&(@@M&&II area of

interest; (d) assigning received raw data to respective ones of the set of windows based on
received fiREETOR R aw data, to generate M window data frames, wherein a first uppennost window
data frame incorporates raw data that corresponds to an uppennost wavefield closest to the plurality of
receiverggantian Mth window data frame incorporates raw data that corresponds to a lowermost
wavefield farthest from the plurality of receivers;

160074} FIG. 11 illustrates a seismic data acquisition system (system) 200 suitable for
use to implement method 100 for substantially eliminating the influence of multiple
reflections in determining undersea geography without the a priori knowledge of subsurface
information according to an exemplary embodiment. System 200 includes, among other
items, server 201, source/receiver interface 202, internal data/communications bus (bus) 204,
processor(s) 208 (those of ordinary skill in the art can appreciate that in modern server
systems, parallel processing is becoming increasingly prevalent, and whereas a single
processor would have been used in the past té implement many or at least several functions, it
is more common currently to have a single dedicated processor for certain functions (e.g.,
digital signal processors)), universal serial bus (USB) port 210, compact disk (CD)/digital
versatile disk (DVD) read/write (R/W) drive 212, floppy diskette drive 214 (though less used
currently, many servers still include this device), and dafa storage unit 232, Data storage unit
232 itself can comprise hard disk drive (HDD) 216 (these can include conventional magnetic
storage media, but, as is becoming increasingly more prevalent, can include flash drive-type
mass storage devices 224, among other types), read-only memory (ROM) device(s) 218
(these can include electrically erasable (EE) programmable ROM (EEPROM) devices, ultra-
violet (UV) erasable PROM devices (UVPROMSs), among other types), and random access
memory (RAM) devices 220. Usable with USB port 210 is flash drive device 224, and
usable with CD/DVD R/W device 212 are CD/DVD disks 234. Usable with diskette drive
device 214 are floppy diskettes 237. Each of the memory storage devices, or the memory
storage media (216, 218, 220, 224, 234, and 237, among other types), can contain parts or
components, or in its entirety, executable software programming code (sofﬁvare) 236
software 236 that can implement the method described herein. Further, processor 208 itself
can contain one or different types of memory storage devices (most probably, but not in a
limiting manner, RAM memory storage media 220} that can store all or some of the

components of software 236.



(e) iteratively generating an internal multiple model, using a sliding set of three window data frames,
wherein for each iteration, wherein the internal multiple model includes a first product of a convolution
of data from a first window data frame and a second window date frame, and a correlation of data from
a third window data frame with the first product; (f) summing all of the iteratively generated internal
multiple models to create a complete internal muIt%éIe model, and continuing the summing until all of

the wind a frames have been used; and (@) subtracting the complete internal multiple model
from theﬁ?ﬁfﬁgi\ta to s%‘o%‘%ﬁ’t?é’ll?éﬁﬁm%&f”é’ ﬁ%ﬁﬂhﬁ@ﬁ%@%ﬂﬁ?&%@ﬁﬁﬁmﬁﬂ@@lﬁ? detePRiifing the

geographiyeptinscgerpraphienlarcaahiyessbaid The dephodraecardngpiacm hifethese

comprising: processing the raw data to suppress.suyface related multiples prior. to generating the
internal ﬁ?ﬁﬁ?ﬁ%em%a@li@i%f& i t?bﬁénﬁfé’cfgﬁgé‘?ﬁ %ﬁd?ﬁagﬁﬁa PLeRPEIEE flee window

data framgsvnclidestperiarming dhe ol eyagEddaiien: Display 226 can be any type of known
display or presentation screen, such as liquid crystal displays (LCDs), plasma displays,
cathode ray tubes (CRTs), among others. User console 234 can include one or more user
interface mechanisms such as a mouse, keyboard, microphone, touch pad, touch screen,

voice-recognition system, among other inter-active inter-communicative devices.

[06076] User console 234, and its components if separately provided, interface with
server 201 via server input/output (I/O) interface 222, which can be an RS232, Ethemnet, USB
or other type of communications port, or can include all or some of these, and further
includes any other type of communications means, presently known or further developed.
System 200 can further include communications satellite/global positioning system (GPS)
transceiver device 238, to which is electrically connected at least one antenna 240 {according
to an exemplary embodiment, there would be at least one GPS receive-only antenna, and at
least one separate satellite bi-directional communications antenna). System 200 can access
internet 242, either through a hard wired connection, via /O interface 222 directly, or

wirelessly via antenna 240, and transceiver 238.

[66077) Server 201 can be coupled to other computing devices, such as those that
operate or conirol the equipment of ship 2, via one or more networks. Server 201 may be part
of a larger network configuration as in a global area network (GAN) (e.g., internet 242),

which ultimately allows connection to various landlines.

[00078] According to a further exemplary embodiment, system 200, being ostensibly
designed for use in seismic exploration, will interface with one or more sources 4 and one or
more receivers 14, These, as previously described, are attached to streamers 6, to which are
also attached birds 13a,b that are useful to maintain positioning. As further previously
discussed, sources 4 and receivers 14 can communicate with server 200 either through an
electrical cable that is part of streamer 6, or via a wireless system that can communicaie via

antenna 240 and transceiver 238 (collectively described as communications conduit 246).

[00079] According to further exemplary embodiments, user console 234 (for example:

a keyboard, buttons, switches, touch screen and/or joy stick) provides a means for personnel



wherein in each iteratively defined set of three window data frames, a higher wavefield generated
by data in the uppermost window data frame is defined as Pivt a first lower wavefield generated by
data in the second window data frame is defined as Pk, and a second lower wavefield generated by
data in the third window data frame is defined as P, and further wherein, Pwi is a source side
wavefield that represents an downward reflection 8t an internal multiple reflected from the first window,

Pwk is a source side wavefield that represents an upward reflection of an internal multgjle reflected
from the!8e&BSFHENHBBIES 4RE configuratiangntpeiicar e WaskiReretiet f8fredbhesiacdpvard

reﬂectio@M@&é@ﬁﬂ&@lﬁwﬁm,reféﬁgt@gptr&eﬁmmilzg iNGiou: data, 4ot MBIHQE.aRRRING to claim

3, wherein each of the M windows has as length and depth component, and wherein the length

componéHiTs IBEC R0 Br BE(RY Fofarariiancebethvednfarmai Wb Lre B &0 s ssburée dalfdd further

wherein acquismgnqﬁggés@p gpgrenhaceirigs iR Afishme Meref sapplesdngtirgirslates to a first
depth in distance, and further wherein adjacent windows overlap by a second number of

samplesSEsh4Ath E HRISSGIT Tl ot RHHEp RESHT FoB R ERSaHeR 38044 b YaR ARITREEHsth defined as a
second depth) and still furthewhersine:3p ihesacrnddenthdslassdharihadiish denthand still further

wherein for an increasing value of M the depth of the window increases. o
13; the link is bi-directional so that commands can also be sent to birds 13 to maintain proper

streamer positioning. Source and receiver interface unit 202 can also communicate bi-
directionally with sources 4 through the streamer communication conduit 248 that can be part
of streamer 6. Excitation signals, control signals, output signals and status information
related to source 4 can be exchanged by streamer communication conduit 248 between

system 200 and source 4.

[06080] Bus 204 allows a data pathway for things like: the transfer and storage of data

that originate from either the source sensors or streamer receivers; for processor 208 to access
stored data contained in data storage unit memory 232; for processor 208 to send information
for visual display to the display 226; or for the user to send commands to system operating

programs that might reside in either the processor 208 or the source and receiver interface

unit 202.

[00081] System 200 can be used to implement method 100 for substantially
eliminating the influence of multiple reflections in determining undersea geography without
the a priori knowledge of subsurface information according to an exemplary embodiment.
Hardware, firmware, software or a combination thereof may be used to perform the various
steps and operations described herein. According to an exemplary embodiment, software 236
for carrying out the above discussed steps can be stored and distributed on multi-media
storage devices such as devices 216, 218, 220, 224, 234, and/or 237 (described above). These
storage media may be inserted into, and read by, devices such as USB port 210, CD/DVD
R/W device 212, floppy drive 214, among others.

[000682] According to an exemplary embodiment, implementation of method 100 can
ocecur in a dedicated processor 208. Those of ordinary skill in the art in the field of the
embodiments can appreciate that such functionality can be designed into various types of

circuifry, including, but not limited to field programmable gate array structures (FPGAs),



5. The method according to claim 3 or 4, wherein each of the plurality of sets of windows satisfies a
pseudo-depth monotonicity condition of lower-higher-lower windows, wherein Pwj is a higher window,
and Pivic and Pm), are both lower windows. 6. A method for determining internal multiples in
marine seismic data without requiring a priori knowledge about sub-surfaces, the method comprising:
(a) obtaining seismic data in and about a geograpﬁﬂ:al area of interest (GAl); (b) suppressing surface
related multiples in regard to the GAI,  (c) separating the obtained seismic data into a plurality of
windows*BREEHISH %P?FéﬁéI“ﬁ‘i?%%?%%ﬁ%é%%%é?a@@@?@ﬁ@&rnﬁ%ﬁ@wmw%@@&:@@%nd

receive hyRpe QupareiwvaNeliglhrecsiyetsious t;&gésﬂﬁrﬁ%?a&ﬁ eRBYRMtioR hetweeh:the-seRarated
window data that are responsible for upward reflections of internal multiples to generate convolution

data; SURYPEITSINMG A edHalsiA B IBRER errEsegirsnis Wi w ahbatRacareEiEbiNible for
downwagddeflechians @t the.sarssprndipgyntgalvauliples) knok dstgHENRG M Riaguet,pf the

correlated data and the convoluted data to create an internal multiple model; and (gg repeating
steps (dY2@toths Histems 0 sethertissirsid e m rerspirdendismigssdsapdieatially
completeypteinakmuipiermedelier dheGal. |

100083} Such programmable devices and/or other types of circuitry as previously
discussed can include a processing unit, a system memory, and a system bus that couples
various system components including the system memory to the processing unit. The system
bus can be any of several types of bus structures including a memory bus or memory
controller, a peripheral bus, and a local bus using any of a variety of bus architectures.
Furthermore, various types of computer readable media can be used to store programmable
instructions. Computer readable media can be any available media that can be accessed by
the processing unit. By way of example, and not limitation, computer readable media can
comprise computer storage media and communication media. Computer storage media
includes volatile and nonvolatile as well as removable and non-removable media
implemented in any method or technology for storage of information such as computer
readable instructions, data structures, program modules or other data. Computer storage
media includes, but is not limited to, RAM, ROM, EEPROM, flash memory or other memory
technology, CDROM, DVDs or other optical disk storage, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storage devices, or any other medium which can be
used to store the desired information and which can be accessed by the processing unit.
Communication media can embody computer readable instructions, data structures, program
modules or other data in a modulated data signal such as a carrier wave or other transport

mechanism and can include any suitable information delivery media.

[00084] The system memory can include computer storage media in the form of
volatile and/or nonvolatile memory such as ROM and/or RAM. A basic input/output system
(BIOS), containing the basic routines that help to transfer information between elements
connected to and between the processor, such as during start-up, can be stored in memory.
The memory can also contain data and/or program modules that are immediately accessible
to and/or presently being operated on by the processing unit. By way of non-limiting

example, the memory can also include an operating system, application programs, other



7. The method according to claim 6, wherein the step of performing the convolution and correlation
comprises: 36 defining a first set of three window data frames; performing the convolution and
correlation on data contained in the set of three windows to determine an internal multiple model,
iteratively defining new sets of three windows with, all of the remaining window data frames; and
perfonning the convolution and correlation on the data from each of the new iteratively defined set of
three window data frames, tp determine a new internal multiple model, which is iteratively added to a
previou?ﬁﬁﬁﬂéﬁ%@%&’tgﬁ é?é%m%‘%‘ubstantially complete internal multiple model, and wherein for

each of the iteratively defined sets of three windows, a pseudo-monotonicity requirement is satisfied
when a [@Re8digher-ldhvepretasionshipatrecurd wiithithén machy e ldiecterativehbbiefinked sets of three

window data.fram ...8. . The meth cording to claim.7, further comprising; ubtracting the
substantl §f P}(E:%%moéi%aﬁfe?ﬁa r%tﬁ t% é 5%1%%‘5%{@6 n% ?ﬁg %@%’ﬁ%@%ﬁﬁ% (gg%nt%gg S%Ss%:{hatrlglly eliminate
an influehide &fnttatakads ifipleimddtsriniming the gadgraphyotdtdcGrigg:titheatiethiod according to

claim 8, 1%%}1%{1‘8?5919@%@?&% rEPIRAING SHITRCH DHHRICRITO MRS REIRMIG SRIR gL to determining
nal mu oael.

an inter tiple m
and/or an optical disk drive that reads from or writes to a removable, nonvolatile optical disk,

such as a CD-ROM or other optical media. Other removable/non-removable,
volatile/nonvolatile computer storage media that can be used in the exemplary operating
environment include, but are not limited to, magnetic tape cassettes, flash memory cards,
digital versatile disks, digital video tape, solid state RAM, solid state ROM and the like. A
hard disk drive can be connected to the system bus through a non-removable memory
interface such as an interface, and a magnetic disk drive or optical disk drive can be

connected to the system bus by a removable memory interface, such as an interface.

[006086] Exemplary embodiments discussed herein can also be embodied as computer-
readable codes on a computer-readable medium. The computer-readable medium can include
a computer-readable recording medium and a computer-readable transmission medium. The
computer-readable recording medium is any data storage device that can store data which can
be thereafter read by a computer system. Examples of the computer-readable recording
medium include ROM, RAM, CDROMs and generally optical data storage devices, magnetic
tapes, flash drives, and floppy disks. The computer-readable recording medium can also be
distributed over network coupled computer systems so that the computer-readable code is
stored and executed in a distributed fashion. The computer-readable transmission medium
can fransmit carrier waves or signals (e.g., wired or wireless data transmission through the
Internet). Also, functional programs, codes, and code segments to, when implemented in
suitable electronic hardware, accomplish or support exercising certain elements of the
appended claims can be readily construed by programmers skilled in the art to which the

embodiments pertains.

[60087] The above-described exemplary embodiments are intended to be illustrative in
all respects, rather than restrictive, of the present invention. Thus the present invention is
capable of many variations in detailed implementation that can be derived from the

description contained herein by a person skilled in the art. No element, act, or instruction



10. The method according to any one of claims 7 to 9, wherein the step of performing the convolution
and correlation on the iteratively defined sets of window data frames includes performing the following
equation: where in each of the iteratively defined sets of three window data frames, a highest
wavefield generated by data in an uppermost window data frame is defined as P14)1, a first lower
wavefield generated by data in a second window data frame is defined as Pwk, and a 37 second
lower wavefield generated by data in a third window data frame is defined as and further wherein,

P ., is a'SEHIRdRG Al HHDERR R thevsrRsEmMU IH bW B enmttiii 3f SRR QTANTOEIE reflected

from thedfjestvéndeMunless Bpillciadeesieessidawnyvefigl] thatsanasantsan-ypward reflection of an
internal multiple reflected from the second window, and Pwl is an receiver side wavefield that

representéA4ia 8L He G PHIERS A& al multiple reflected from the third window.



11. A system for substantially eliminating an influence of internal multiple reflections in determining
undersea geography in a geographical area of interest without a priori knowledge of subsurface
information, the system comprising: (a) a plurality of source transmitters configured to generate a

series of seismic signals; (b) a plurality of recejvers configured to receive raw data based on the
generated series of seismic signals; and (c)a érocessor configured to create a set of M windows
that corr§§ o(gﬁi ysically to a space below the plurality of receivers and includes a geographical
area of interest;  ~° assign received raw data to respective ones of the set of windows based on
received time of the raw data, to generate M window data frames, wherein a first uppelmost window
data frame incorporatéswethoddta thibteotrdspohdsntiag appdlmost whirefiela oloddskto the plurality of
receivers, apn -Mth.window data frame incarporates raw data that corresponds to a.loweimost
aveiel T e R S RO 8 A o,
using a slidimgesekofifedgewintbaudata frdomestivhateimfghedchntpriatign, wherein the internal
multiple model incl ' 0 f-a convolution of data fr aéfirst window data frame and a
second window da%qﬁgﬁg%@é)dg ﬁ%ﬁg’ a%%%ngf 5%51??;8% At l}f%(i {/{]\?fr? g\(/)vuléfa??g rasrrﬁle%\?\ll'ﬁh the first
product, 38 Soimneatfivinth eitedativetly gemditited intemaisrhaltglenrfiodeisdateresteea cbmplete
internal mulgigg%%%gﬁq{a@nd continuing the summing until all of the window data frames have been
used, and subtract the complete internal multiple model from the raw data to substantially
eliminate the influepteroftintearsst niuMiptaslirmdetetminimspthelgplogriaphy toftlspage bglaptileal area of

interest. 12pTﬂ§l§¥%tﬂQc@%%da@§ i&%ﬂ@é@a%éo%%ﬂ%gl area of interest;

(d) assigning received raw data to respective ones of the set of windows based on
received time of the raw data, to generate M window data frames, wherein a first
uppermost window data frame incorporates raw data that corresponds to an uppermost
wavefield closest to the plurality of receivers, and an M™ window data frame incorporates
raw data that corresponds to a lowermost wavefield farthest from the plurality of
receivers;

(e} tteratively generating an internal multiple model, using a sliding set of three -
window data frames, wherein for each iteration, wherein the internal multiple model
includes a first product of a convolution of data from a first window data frame and a
second window date frame, and a correlation of data from a third window data frame with
the first product;

(f) summing all of the iteratively generated internal multiple models to create a
complete internal multiple model, and continuing the summing until all of the window
data frames have been used; and

{g} subtracting the complete infernal multiple model from the raw data to
substantially eliminate the mfluence of internal multiples in determining the geography of

the geographical area of interest.

2. The method according to claim 1, further comprising:
processing the raw data to suppress surface related multiples prior to generating

the internal multiple model.

3. The method according to claim 1 or 2, wherein the step of generating an



the processor is further configured to process the raw data to suppress surface related multiples prior
to generating the internal multiple model. 13. The system according to claim 11 or 12, wherein

the processor is further configured to generate an internal multiple model using window data from a
first set of three window data frames that includes_performing the following equation: wherein in
each iteratively defined set of three window data f?étmes, a higher wavefield generated by data in the
uppermost window data frame is defined as Pwj, a first lower wavefield generated by data in the
seond win UL HARIE RSSO b SRR OWEr ek TR EREN the third
window datanfrrine iseeefinac ascHalicanddegharsnherein, P.," is a source side wavefield that
represents an downward reflection of an internal multiple reflected from the first window, Pwk is a
source side wavefield that represents an upward reflection of an nternal multiple reflected from the
second window, and 39 multiple reflgcted from the third window.

M= — E E B, B, E B
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wherein

in each iteratively defined set of three window data frames, a higher wavefield
generated by data in the uppermost window data frame is defined as Pw; a first lower
wavefield generated by data in the second window data frame is defined as P, and a
second lower wavefield generated by data in the third window data frame is defined as

P, and further wherein,

P, 1s a source side wavefield that represents an downward reflection of an

~ internal multiple reflected from the first window,

P18 a source side wavefield that represents an upward reflection of an internal

multiple reflected from the second window, and

Py 1s an receiver side wavefield that represents a upward reflection of an internal

multiple reflected from the third window.

4. The method according to claim 3, wherein each of the M windows has as
length and depth component, and wherein the length component is less than or equal to a

distance between a first source and a last source, and further wherein

the depth component correlates to a first number of samples that correlates to a

first depth in distance, and further wherein

adjacent windows overlap by a second number of samples less than the first
number of samples, which corresponds to an overlap in depth defined as a second depth,

and still further wherein



14. The system according to claim 13, wherein each of the M windows has as length and depth
component, and wherein the length component is less than or equal to a distance between a first
source and a last source, and further wherein the depth component correlates to a first number
of samples that correlates to a first depth in distance, and further wherein adjacent windows
overlap by a second number of samples less thar’the first number of samples, which corresponds to
an overlap in depth defined as a second depth, and still further wherein the second depth is less than

the first depth, and stifftsasepdirndirs s ahMdisasingioatberss NHth & HEFEBFERE window increases.

15. The system according to claim 13 or 14, wherein each of the plurality of sets of windows satisfies a
pseudo-depth monotofiicity ceRdition oflondNighalelawer windondswinereisePw] is a higher window,
and Pwk and P",/ are both lower windows. 16. A system for determining internal multiples in
marine seismic data without requiring a priori knowledge about sub-surfaces, the system comprising:

a processor configured to obtain seismic data in and about a geographical area of interest (GAl),
wherein the processor is further configured to (a) suppress surface related multiples in regard to

the GAI, (b) 8epacrecthedsiseiirBaseishindaea s esiaresity of inplordi bagewisnt travel
time of waveliglds.9engiaied ByAR6-QE PR WRYETIS SAIHERS ANAIRCSNG BY16RE Or more wavefield

receivers, 40 A
windows, wherein Pwy is a higher window, and P, and P, are both lower windows.

6. A method for determining internal multiples in marine seismic data without

requiring a priort knowledge about sub-surfaces, the method comprising:
(a) obtaining seismic data in and about a geographical area of interest (GAI);
(b) suppressing surface related multiples in regard to the GAI;

(c) separating the obtained seismic data into a plurality of windows based on a
travel time of wavefields generated by one or more wavefield sources, and receive by one

or more waveheld receivers;

(d) performing a convolution between the separated window data that are

responsible for upward reflections of internal multiples to generate convolution data;

(e) performing a correlation between the separated window data that are

responsible for downward reflections of the corresponding internal multiples;

(f) determining the product of the correlated data and the convoluted data to create

an internal multiple model; and

(g) repeating steps (d} - (f) for a plurality of sets of the plurality of windows

thereby determining a substantially complete internal multiple model for the GAL

7. The method according to claim 6, wherein the step of performing the

convolution and correlation comprises:



(c) perform a convolution between the separated window data that are responsible for upward
reflections of internal multiples to generate convolution data, (d) perform a correlation between
the separated window data that are responsible for downward reflections of the corresponding internal
multiples, (e) deteimine the product of the caqrrelated data and the convoluted data to create an
internal multiple model, and repeat parts (c) -g(e) for a plurality of sets of the plurality of windows
thereby determining a substantially c lete internal multiple model for the GAI. 17. The system
accord)i/ng to claim %%W(ﬁﬁgt Se¥0€f?g‘p?§’r388 88r §tﬁ#ﬁ1£'?séonfigured to perform the con\)//olution and

correlation by definiagoanhiist 8ef afithsarivingawdathfi@mesiata conpafadin the camfalttion and
con-elation on data contained in the set of three windqws to determine an internal multiple model,

iteratively dSfRANEWLTETR IR WiTHAVE iR e remaining window data frames, and
perform the convoligiaahdkenialatieneahs data ke eackhof theoieke iteratively dafined set of
three window d%a frames, to determine a new internal multiple model, which is iteratively added to a
previous muiA! et determine a substantially complete internal multiple model, and wherein for
each of the iterativplyfdefingdisetsnfdhneenwintlons:] aipseucidsdanoienicéycrasfutie mant is satisfied
when a lower-higher-lpwer relationship occurs within in each qf the iteratively defined sets.of three
window datdTFATISE, I8 A Sy RAAHFR L BHANG T L ASL 7 RATEP® @ Pethd BRLEAF Rurther
configured tesddiratidhes stebsiasliodydedmpigiesintenauiipléptedsddeliéremthe :obtained seismic
data to subsantally lminets, A Huenee SR IR I ARG s gspuRPhy of 2 GA
defined sets of three windows, a pseudo-monotonicity requirement is satisfied when a
lower-higher-lower relationship occurs within in each of the iteratively defined sets of

three window data frames.

8. The method according to claim 7, further comprising:
subtracting the substantially complete internal multiple model from the obtained
seismic data to substantially eliminate an influence of internal multiples in determining

the geography of a GAL

9. The method according to claim 8, further comprising:
eliminating surface multiples from the seismic data prior to determining an

internal multiple model.

10. The method according to any one of claims 7 to 9, wherein the step of
performing the convolution and correlation on the iteratively defined sets of window data

frames includes performing the following equation:

wherein
in each of the iteratively defined sets of three window data frames, a highest

wavefield generated by data in an uppermost window data frame is defined as Pw; a first

lower wavefield generated by data in a second window data frame is defined as P, and a



. 19. The system according to claim 18, wherein 41 the processor is further configured to
eliminate surface multiples from the seismic data prior to determining an internal multiple model. 20.
The system according to any one of claims 17 to 19, wherein the processor is further configured
to perfoim the convolution and correlation on the iteratively defined sets of window data frames by
performing the following equation. wherein in eath of the iteratively defined sets of three window

data frames, a highest ) _ _ _
second lower wavefield generated by data in a third window data frame is defined as P,

and further wherein,

P,; is a source side wavetield that represents an downward reflection of an

internal multiple reflected from the first window,

P 18 a source side wavefield that represents an upward reflection of an internal

multiple reflected from the second window, and

P 1s an receiver side wavefield that represents a upward reflection of an internal

multiple reflected from the third window.

11. A system for substahtialiy eliminating an influence of internal multipie
reflections in determining undersea geography in a geographical area of interest without a
priori knowledge of subsurface information, the system comprising:

(a) a plurality of source transmitters configured to generate a series of seismic
signals;

(b) a plurality of recetvers configured to receive raw data based on the generated
series of seismic signals; and

(¢) a processor configured to create a set of M windows that corresponds
physically to a space below the plurality of receivers and includes a geographical area of
interest,

assign received raw data to respective ones of the set of windows based on
received time of the raw data, to generate M window data frames, wherein a first
uppermost window data frame incorporates raw data that corresponds to an uppermost
wavefield closest to the plurality of receivers, and an M™ window data frame incorporates
raw data that corresponds to a lowermost wavefield farthest from the plurality of
receivers,

iteratively generate an internal multiple model, using a sliding set of three
window data frames, wherein for each iteration, wherein the internal multiple model
includes a first product of a convolution of data from a first window data frame and a
second window date frame, and a correlation of data from a third window data frame with

the first product,



wavefield generated by data in an uppermost window data frame is defined as Pw/, a first lower
wavefield generated by data in a second window data frame is defined as Pwk, and a second lower
wavefield generated by data in a third window data frame is defined as Pwl, and further wherein,

is a source side wavefield that represents an dowg%vard reflection of an internal multiple reflected from
the first window, P wk is a source side wavefield that represents an upward reflection of an
internal multiple reflected frﬂm the second window aép.d recejver side wavefield that

,ig.an
represents a upward rse%étlo%fgfeainefﬁ levr?%gl %ﬁ%‘?ﬁ%ﬁ% rlgfl%rgtae%nfl%%ﬁq&rg? ffa Wikgste
complete internal multiple model, and continuing the summing until all of the window
data frames have been used, and
subtract the complete internal multiple model from the raw data to

substantially eliminate the influence of internal multiples in determining the geography of

the geographical area of interest.

12. The system according to claim 11, wheremn
the processor is further configured to process the raw data to suppress surface

related multiples prior to generating the internal multiple model.

13. The system according to claim 11 or 12, wherein
the processor is further configured to generate an internal multiple model
using window data from a first set of three window data frames that includes performing

the following equation:

wherein

in each iteratively defined set of three window data frames, a higher wavefield
generated by data in the uppermost window data frame is defined as Pwy, a first lower
wavefield generated by data in the second window data frame is defined as P,y and a
second lower wavefield generated by data in the third window data frame is defined as

P, and further wherein,

P, is a source side wavefield that represents an downward reflection of an

internal multiple reflected from the first window,

P is a source side wavefield that represents an upward reflection of an internal

multiple reflected from the second window, and

P, 1s an receiver side waveficld that represents a upward reflection of an internal
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multiple reflected from the third window.

14, The system according to claim 13, wherein each of the M windows has as
length and depth component, and wherein the length component is less than or equal to a

distance between a first source and a last source, and further wherein

the depth component correlates to a first number of samples that correlates to a

first depth in distance, and further wherein

adjacent windows overlap by a second number of samples less than the first
number of samples, which corresponds to an overlap in depth defined as a second depth,

and still further wherein
the second depth is less than the first depth, and still further wherein

for an increasing value of M the depth of the window increases.

15. The system according to claim 13 or 14, wherein each of the plurality of sets
of windows satisfies a pseudo-depth monotonicity condition of lower-higher-lower

windows, wherein Pwj is a higher window, and P, and P, are both lower windows.

16. A system for determining internal multiples in marine seismic data without

requiring a priori knowledge about sub-surfaces, the system comprising:

a processor configured to obtain seismic data in and about a geographical area of

interest (GAI), wherein the processor is further configured to
(a) suppress surface related multiples in regard to the GAI,

(b) separate the obtained seismic data into a plurality of windows based on a
travel time of wavefields generated by one or more wavefield sources, and receive by one

or more wavefield recetvers,
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{c) perform a convolution between the separated window data that are

responsible for upward reflections of internal multiples to generate convolution data,

(d) perform a correlation between the separated window data that are

responsible for downward reflections of the corresponding internal multiples,

(&) determine the product of the correlated data and the convoluted data to

create an internal multiple model, and

repeat parts (c} - (e) for a plurality of sets of the plurality of windows thereby

determining a substantially complete mternal multiple model for the GAL

17. The system according to claim 16, wherein

the processor is further configured to perform the convolution and correlation
by defining a first set of three window data frames,

perform the convolution and correlation on data contained in the set of three
windows to determine an internal multiple model,

iteratively define new sets of three windows with all of the remaining window
data frames, and

perform the convolution and correlation on the data from each of the new
iteratively defined set of three window data frames, to determine a new internal multiple
model, which is iteratively added to a previous multiple model to determine a
substantially complete internal multiple model, and wherein for each of the iteratively
defined sets of three windows, a pseudo-monotonicity requirement is satisfied when a
lower-higher-lower relationship occurs within in each of the iteratively defined sets of

three window data frames.

18. The system according to claim 17, wherein
the processor is further configured to subtract the substantially complete
internal multiple model from the obtained seismic data to substantially eliminate an

influence of internal multiples in determining the geography of a GAL

19. The system according to claim 18, wherein
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the processor is further configured to eliminate surface multiples from the

seismic data prior to determining an internal multiple model.

20. The system according to any one of claims 17 to 19, wherein
the processor is further configured to perform the convolution and correlation
on the iteratively defined sets of window data frames by performing the following

equation:

Wy Wiy N
Wy W vits

WL g W
wherein
in each of the iteratively defined sets of three window data frames, a highest

wavefield generated by data in an uppermost window data frame is defined as Pw;, a first
lower wavefield generated by data in a second window data frame is defined as P, and a
second lower wavefield generated by data in a third window data frame is defined as 7,

and further wherein,

P, 1s a source side wavefield that represents an downward reflection of an

mternal multiple reflected from the first window,

P+ 1s a source side wavefield that represents an npward reflection of an internal

multiple reflected from the second window, and

P, is an receiver side wavefield that represents a upward reflection of an internal

multiple reflected from the third window.



